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(54) Hybrid vehicle and method of controlling the same 



(57) In a hybrid vehicle of the present invention, a 
clutch motor, an assist motor, and an engine are con- 
nected via a dual clutch, which includes an inner clutch 
arranged between an inner shaft and a middle shaft and 
an outer clutch arranged between the middle shaft and 
an outer shaft. An inner rotor of the clutch motor and the 
engine are linked with the inner shaft. The assist motor 
is linked with the middle shaft. An outer rotor of the 
clutch motor and an axle are linked with the outer shaft. 
Changing ^the coupling state of the middle shaft 
changes over the connection of the assist motor 
between the engine and the clutch motor. The connec- 



tion of the assist motor with the clutch motor in the state 
of underdrive or in the case of a requirement of abrupt 
acceleration desirably improves the driving efficiency 
and ensures the smooth acceleration. Regulation of 
gradually enhancing the coupling force of the outer 
clutch in the course of the changeover of the connection 
of the assist motor enables the rotations of the engine 
and the outer rotor to be synchronized quickly, thus 
shortening the time required for completion of the 
changeover. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a hybrid vehicle having both an engine and a motor as power sources, and 
more specifically to a hybrid vehicle having a changeover mechanism that changes connection of the motor between a 
drive shaft linked with the wheels and an output shaft of the engine. 

10 

Description of the Related Art 

[0002] A parallel hybrid vehicle is one type of the hybrid vehicles having both an engine and a motor as power 
sources. The parallel hybrid vehicle has a power regulation unit linked with the engine. Part of the power output from 

75 the engine is transmitted to a drive shaft linked with the wheels via the power regulation unit, while the residual power 
is regenerated as electric power. The regenerative electric power is accumulated in a battery or is used to drive the 
motor, which is used as the power source. The parallel hybrid vehicle controls the power regulation unit and the motor, 
so as to arbitrarily convert the revolving speed and the torque output from the engine to those suitable for the drive shaft. 
The hybrid vehicle selects a desirable driving point of the engine having a high driving efficiency and drives the engine 

20 at that point, irrespective of the revolving speed and the torque of the drive shaft, thus ensuring excellent resource sav- 
ing effects and less emission. 

[0003] In the parallel hybrid vehicle, the motor may be linked with either the drive shaft or the output shaft of the 
engine. When the motor is connected with the drive shaft, the engine, the power regulation unit, and the motor are 
linked in this order. Rg. 30 schematically illustrates the structure of a hybrid vehicle having a motor linked with a drive 
25 shaft. In the example of Rg. 30. a pair-rotor motor CM having an inner rotor IR and an outer rotor OR that are rotatable 
relative to each other is used as the power regulation unit As illustrated in Fig. 30, the pair-rotor motor CM is connected 
to an output shaft CS of an engine EG, whereas an assist motor AM is linked with a drive shaft DS. This structure 
ensures the high driving efficiency in the state of underdrive when the revolving speed of the drive shaft DS is lower 
than that of the engine EG. This structure is called "underdrive connection" in this specification. 
30 [0004] Fig. 31 shows power transmission in the underdrive connection when the revolving speed of the engine EG 
is higher than that of the drive shaft DS. The power output from the engine EG is reduced in revolving speed and 
enhanced in torque to be output from the drive shaft DS. The pair-rotor motor CM transmits a power PU1 output from 
the engine EG as a power PU2 of the reduced revolving speed. A slip occurs between two rotors in the pair-rotor motor 
CM, so that electric power is generated based on the slip. Part of the power PU1 is accordingly regenerated as an elec- 
ts trie power EU1. The assist motor AM is driven with this regenerative electric power to increase the torque of the drive 
shaft DS. This generates a power PU3 corresponding to the required revolving speed and torque of the drive shaft DS. 
[0005] Rg. 32 shows power transmission in the underdrive connection when the revolving speed of the engine EG 
is lower than that of the drive shaft DS. The pair-rotor motor CM carries out the power running to transmit the power 
PU1 output from the engine EG as a power PU4 of the raised revolving speed. The assist motor AM acts as a load to 
40 reduce its excess torque, thereby outputting the power PU3 corresponding to the required revolving speed and torque 
of the drive shaft DS. The assist motor AM regenerates part of the mechanical power PU4 as an electric power EU2, 
so as to apply the loading. This regenerative electric power is used for the power running of the pair-rotor motor CM. 
[0006] In the case where the revolving speed of the engine EG is higher than that of the drive shaft DS (in the case 
of Fig. 31 ), the electric power regenerated by the pair-rotor motor CM located on the upstream side is supplied to the 
45 assist motor AM located on the downstream side in a path along which the power output from the engine EG is trans- 
mitted to the drive shaft DS. In the case where the revolving speed of the engine EG is lower than that of the drive shaft 
DS (in the case of Fig. 32), on the other hand, the electric power regenerated by the assist motor AM located on the 
downstream side is supplied to the pair-rotor motor CM located on the upstream side. The electric power supplied to 
the pair-rotor motor CM is subsequently supplied to the assist motor AM located on the downstream side as a mechan- 
50 ical power. This results in a circulation of power yl as shown in Fig. 32. The circulation of power Yl reduces the effective 
power transmitted to the drive shaft DS out of the power output from the engine EG, thus lowering the driving efficiency 
of the hybrid vehicle. 

[0007] When the motor is connected with the output shaft of the engine, on the other hand, the engine, the motor, 
and the power regulation unit are linked in this order. Fig. 33 schematically illustrates the structure of the hybrid vehicle 
55 having the motor linked with the output shaft of the engine. In the example of Fig. 33, the assist motor AM is linked with 
the output shaft CS of the engine EG, whereas the pair-rotor motor CM functioning as the power regulation unit is con- 
nected with the drive shaft DS. This structure ensures the high driving efficiency in the state of overdrive when the 
revolving speed of the drive shaft DS is higher than the revolving speed of the engine EG. This structure is called "over- 
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drive connection" in this specification. 

[0008] Fig. 34 shows power transmission in the overdrive connection when the revolving speed of the engine EG is 
higher than that of the drive shaft DS. Fig. 35 shows power transmission in the overdrive connection when the revolving 
speed of the engine EG is lower than that of the drive shaft DS. Only the pair-rotor motor CM is capable of regulating 

5 the revolving speed of the transmitted power. The phenomena occurring in the overdrive connection are just opposite 
to those occurring in the underdrive connection. In the case where the revolving speed of the engine EG is higher than 
that of the drive shaft DS (in the case of Fig. 34), an electric power E01 regenerated by the pair-rotor motor CM located 
on the downstream side is supplied to the assist motor AM located on the upstream side. In the case where the revolv- 
ing speed of the engine EG is lower than that of the drive shaft DS (in the case of Fig. 35), on the other hand, an electric 

w power E02 regenerated by the assist motor AM located on the upstream side is supplied to the pair-rotor motor CM 
located on the downstream side. In the structure that the motor is linked with the output shaft of the engine, a circulation 
of power 72 occurs in the case of Fig. 34. This lowers the driving efficiency of the hybrid vehicle. 
[0009] In the hybrid vehicle, a high efficiency driving area defined by the vehicle speed and the output torque 
depends upon the connection of the assist motor AM. One proposed technique changes the connection of the assist 

15 motor AM between the engine and the drive shaft, in order to improve the driving efficiency of the hybrid vehicle over a 
wide range. 

[0010] A diversity of problems, however, arise in the process of changing the connection of the assist motor AM. A 
concrete example of the changeover mechanism is described here. Fig. 36 illustrates the structure of a hybrid vehicle 
in which the connection of the assist motor AM is changeable. The connection of the assist motor AM is changed by 
20 means of a synchronized gear unit including three gears SG1 , SG2, and SG3. A rotor of the assist motor AM is finked 
with the gear SG3 that is slidable in the direction of the arrow. The gears SG1 and SG2 are respectively connected to 
the rotating shafts of the clutch motor CM and the engine EG. Sliding the gear SG3 as shown by the arrow enables the 
connection of the assist motor AM to be changed . 

[0011] The synchronized gear unit requires a certain space, in which the gear SG3 is movable in the axial direction. 

25 This results in making the whole changeover system undesirably bulky. The size expansion of the changeover system 
is a significant problem especially on a vehicle, since the allowable space for mounting the power system is restricted 
in the vehicle. In the synchronized gear unit, the gear SG3 moves by a relatively long stroke between the gears SG2 
and SQ1 in the course of the changeover. The changeover accordingly requires a relatively long time. The changeover 
is implemented via a neutral state, in which the gear SG3 is coupled neither with the gear SG2 nor with the gear SG1 . 

30 This causes a torque drop to instantaneously lower the power of the drive shaft. 

[0012] The above description regards the structure using the synchronized gear unit The same problem of making 
the whole changeover system undesirably bulky is also found in another structure using two clutches that are arranged 
in the axial direction to connect and disconnect the assist motor with and from the engine or the clutch motor. Another 
disadvantage of this structure is that the successive changeover of the two clutches requires a relative long time period. 

35 

SUMMARY OF THE INVENTION 

[0013] The object of the present invention is thus to provide a hybrid vehicle, in which a changeover of connection 
of a motocjs carried out with a small-sized changeover mechanism within a short time period. 

40 [0014] At least part of the above and the other related objects is attained by a hybrid vehicle, which includes: an 
engine having an output shaft; a drive shaft from which driving power is output; a power regulation unit that is connected 
with both the output shaft and the drive shaft to vary power output from the engine through ari input and an output of 
electric power and transmit the varying power to the drive shaft; a motor having a rotating shaft; and a changeover 
mechanism that changes connection of the rotating shaft of the motor between the output shaft and the drive shaft The 

45 changeover mechanism is a dual clutch that includes a first clutch and a second clutch respectively arranged inside and 
outside the rotating shaft of the motor, the first clutch connecting and disconnecting the rotating shaft with and from the 
output shaft, the second clutch connecting and disconnecting the rotating shaft with and from the*drive shaft 
[0015] The dual clutch ensures a space-saving layout of the rotating shaft, the output shaft, and the drive shaft and 
thereby reduces the size of the whole changeover system. The dual clutch includes two clutches aligned in the radial 

50 direction and has a greater dimension in the radial direction than that of a single clutch. The power system of the hybrid 
vehicle, however, has relatively large-sized constituents, that is, the motor, the power regulation unit, and the engine, 
arranged in the radial direction. The size expansion of the changeover mechanism in the radial direction accordingly 
does not lead to any significant expansion of the size of the whole changeover system. Application of the dual clutch, 
on the other hand, shortens the dimension in the axial direction, which gives a significant contribution to the size reduc- 

55 tion of the whole changeover system. 

[001 6] The dual clutch also enables the connection of the motor to be changed quickly This is because the change- 
over does not accompany a shift of any gear in the structure of the present invention, unlike the structure of Fig. 36 
using the synchronized gear unit. The present invention implements the changeover not via the neutral state, thus effec- 
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tively preventing a torque drop. 

[0017] A variety of arrangements may be applicable to the dual clutch. Especially preferable is a dual clutch actu- 
ated by electromagnetic force. Regulation of the electromagnetic force enabies the operations of the dual ciutch to be 
controlled relatively easily with a high accuracy and a high response. 

5 [0018] The dual clutch may be an electromagnetic roller clutch using rollers as coupling elements. The roller clutch 
that has a relatively small size but is able to transmit a relatively large power is desirably used for the changeover mech- 
anism of the present invention. The dual clutch Is, however, not restricted to the roller clutch, but may have a structure 
in which two clutch plates are attracted to and separated from each other by the function of electromagnetic force. 
[0019] The connection of the motor may be changed manually. 

to [0020] It is, however, preferable that the hybrid vehicle of the present invention further includes: a decision unit that 
determines whether or not a changeover of connection of the motor Is required, based on driving conditions of the 
hybrid vehicle and a current connecting state of the motor; and a changeover controller that controls the changeover 
mechanism to change the connection of the motor when the changeover is required. 

[0021] This arrangement enables the connection of the motor to be changed adequately according to the driving 
is conditions of the hybrid vehicle. For example, this arrangement changes the connection of the motor to prevent the cir- 
culation of power discussed previously with Figs. 30 through 35. This preferably improves the driving efficiency of the 
hybrid vehicle. 

[0022] The requirement of the changeover is determined in a variety of ways. 

[0023] For example, the decision unit determines that the changeover of connection of the motor is required when 
26 an increment of a required torque to be output from the drive shaft is not less than a predetermined level while the motor 
is linked with the output shaft of the engine. 

[0024] This corresponds to a changeover from the structure of Fig. 33 to the structure of Fig. 30 in response to an 
abrupt increase in required torque. As described previously, the structure of Fig. 33 ensures the high driving efficiency 
when the revolving speed of the engine is lower than that of the drive shaft. The structure of Fig. 30, on the other hand, 
25 ensures the high driving efficiency under the opposite condition. In the case of an abrupt increase in required torque, 
the driver generally desires abrupt acceleration. This raises the revolving speed of the drive shaft, and it is expected 
that the structure of Fig. 30 gives the higher driving efficiency. The hybrid vehicle of the above application thus carries 
out the changeover of connection of the motor to the structure of Fig. 30 in response to the abrupt increase in required 
torque. 

30 [0025] The decision with regard to the requirement of the changeover advantageously ensures the quick accelera- 
tion, in addition to the improvement in driving efficiency. It is desirable that the motor outputs a torque in addition to the 
output of the engine in the course of acceleration. In the case where the motor is connected with the output shaft of the 
engine, the whole torque is output via the power regulation unit located on the downstream side. There is accordingly 
a fair possibility that the upper limit of the torque output from the drive shaft is restricted by the capability of torque trans- 

35 mission of the power regulation unit. In the case where the motor is connected with the drive shaft, on the other hand, 
a large torque can be output from the drive shaft without such limitations. This structure thus ensures a sufficient accel- 
eration. 

[0026] It is preferable that the changeover controller includes: a first controller that causes a released clutch 
between the first clutch and the second clutch to be coupled in an allowable range according to a difference between 
40 rotating states of two shafts linked with the released clutch, thus reducing the difference between the rotating states of 
the two shafts; and a second controller that causes a changeover to be carried out between the first clutch and the sec- 
ond clutch when it is determined that the rotating states of the two shafts satisfy a predetermined coupling condition 
with regard to the released clutch by the execution of the first controller. 

[0027] In order to couple the released clutch, it is required to make the revolving speeds of the two shafts linked 
45 with the released clutch substantially coincident with each other. One possible method controls the power regulation 
unit and the other constituents linked with the two shafts to equalize the revolving speeds of the two shafts. The control 
technique adopted in the above arrangement causes the released clutch to be coupled in an allowable range of the 
clutch even when the two shafts have different rotating states, and gradually synchronizes the rotating states of the two 
shafts, at least one of their revolving speeds and the torques. This arrangement ensures the quick synchronization of 
so the rotations of the two shafts and desirably shortens the time required for comptetion of the changeover. This control 
technique may be adopted alone or in combination with the control of the power regulation unit and the other constitu- 
ents linked with the released clutch. 

[0028] The released dutch can be coupled in the allowable range of the clutch in a variety of ways. In one embod- 
iment, the released clutch is coupled with a higher coupling force against a decrease in revolving speed difference 
55 between the two shafts. In another embodiment the coupling force of the released clutch is varied in a stepwise manner. 
In still another embodiment the released clutch may be coupled while the coupling force of the released clutch is varied 
in a fluctuating manner 

[0029] The first and the second embodiment represent to the half coupled state. When the two shafts have a sig- 
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nificant difference in revolving speed, the clutch is coupled with a small coupling force to cause a slip. The function of a 
frictional force acting between the two shafts causes the revolving speeds of the two shafts to be substantially coinci- 
dent with each other. A gradual increase in coupling force with a decrease in revolving speed difference enables the 
revolving speeds to be synchronized quickly, in the second application, the coupling force may be varied by several 
5 steps until the rotating states of the two shafts satisfy the coupling condition. The coupling force to cause the slip may 
alternatively be kept until the rotating states of the two shafts satisfy the coupling condition. The second application of 
varying the coupling force in a stepwise manner advantageously facilitates the regulation of the clutch. This simplifies 
the circuit structure of the clutch that works by the function of electromagnetic force. 

[0030] In the third embodiment, the coupling force may be varied according to the impact torque generated on the 
w clutch in the coupling process. Coupling the clutch under the condition that the two shafts have significantly different 
rotating states causes a large impact torque to act due to the inertia. A decrease in coupling force reduces the torque 
applied to the clutch and effectively prevents the life of the clutch from being extremely shortened. The impact torque 
acting previously reduces the difference in rotating state between the two shafts. The arrangement of varying the cou- 
pling force of the clutch in a fluctuating manner also shortens the time required for completion of the changeover. 
15 [0031 ] In accordance with preferred embodiment of the control procedure to shorten the time required for comple- 
tion of the changeover, the changeover mechanism includes a roller clutch acting by the function of electromagnetic 
force and attains at least three different coupling states, that is, a released state, a fully coupled state to allow transmis- 
sion of a torque via rollers, and a partly coupled state to allow transmission of a torque riot via the rollers in a range 
lower than the torque transmittable in the fully coupled state. In this arrangement, the first controller causes the released 
20 clutch to gain coupling in the partly coupled state. The partly coupled state corresponds to a transient state, via which 
the clutch shifts from the released state to the coupled state. 

[0032] It is also preferable that the first controller causes the roller clutch to be coupled in an intermittent manner. 
This arrangement requires simple binary regulation, that is, on-off regulation, of the electromagnetic force that drives 
the clutch, thus simplifying the control procedure. 
25 [0033] Regardless of the execution or non-execution of the control procedure to shorten the time required for com- 
pletion of the changeover, it is desirable that the changeover is implemented via a state in which both the first clutch and 
the second clutch are in a coupled state. This arrangement effectively prevents a torque drop in the course of the 
changeover and ensures a smooth drive of the hybrid vehicle. 

[0034] In the hybrid vehicle of the present invention, a variety of structures are applicable to the power regulation 
30 unit. 

[0035] For example, the power regulation unit includes a pair-rotor motor having a first rotor linked with the output 
shaft and a second rotor linked with the drive shaft. 

[0036] The pair-rotor motor enables the power to be transmitted from one rotor to the other rotor through electro- 
magnetic coupling of the two rotors. The pair-rotor motor also enables part of the power to be regenerated in the form 
35 of electric power £>/ means of a relative slip between the two rotors. The pair-rotor motor having these two functions is 
desirably used as the power regulation unit. 

[0037] In accordance with another preferable embodiment, the power regulation unit includes: a generator having 
a rotor shaft; and a planetary gear unit having three rotating shafts, which are respectively linked with the output shaft, 
the drive shaft, and the rotor shaft. 

ao [0038] This arrangement enables the power produced by rotations of the output shaft to be distributed and trans- 
mitted to the drive shaft and the rotor shaft, based on the general actions of the planetary gear unit. Part of the power 
input into the output shaft is accordingly transmitted to the drive shaft, and the power distributed to the ; rotor shaft is 
regenerated as electric power by the generator. These two factors ensure the functions of the power regulation unit. 
[0039] These and other objects, features, aspects, and advantages of the present invention will become more 

45 apparent from the following detailed description of the preferred embodiment with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0040] 



50 



Fig. 1 schematically illustrates the structure of a hybrid vehicle in one embodiment of the present invention; 
Fig. 2 schematically illustrates the structure of a dual clutch mounted on the hybrid vehicle of Fig. 1; 
Fig. 3 illustrates the structure of an inner rotary unit included in the dual clutch; 
Fig. 4 is a sectional view of the inner rotary unit taken on the line A-A of Fig. 3; 
55 Fig. 5 is a sectional view of the inner rotary unit taken on the line B-B of Fig. 3; 
Fig. 6 shows a cross sectional shape of another cam in one modified example; 
Fig. 7 is a sectional view illustrating a cam and rollers in another modified example; 
Fig. 8 illustrates the structure of an outer rotary unit included in the dual clutch; 
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Fig. 9 illustrates the structure of a middle rotary unit included in the dual clutch; 

Fig. 1 0 shows the state of the power system under the respective on-off conditions of the dual clutch in the hybrid 
vehicle of the embodiment; 

Fig. 1 1 is a graph showing a process of torque conversion in the state of underdrive connection in the case where 
5 the revolving speed Nd of the axle is lower than the revolving speed Ne of the engine; 

Fig, 12 is a graph showing a process of torque conversion in the state of underdrive connection in the case where 
the revolving speed Nd of the axle is higher than the revolving speed Ne of the engine; 

Fig. 13 is a graph showing a process of torque conversion in the state of overdrive connection in the case where 
the revolving speed Nd of the axle is lower than the revolving speed Ne of the engine; 
w Fig. 14 is a graph showing a process of torque conversion in the state of overdrive connection in the case where 
the revolving speed Nd of the axle is higher than the revolving speed Ne of the engine; 
Fig. 15 shows the selection of various drive modes in the hybrid vehicle of this embodiment; 
Fig. 1 6 is a flowchart showing a torque control routine in the standard drive mode; 

Rg. 1 7 is a graph showing the relationship between the driving point of the engine and the driving efficiency; 
75 Rg. 1 8 is a flowchart showing a connecting state changeover control routine; 

Rg. 1 9 shows the requirement of the changeover from the underdrive connection to the overdrive connection; 

Rg. 20 shows the requirement of the changeover from the overdrive connection to the underdrive connection; 

Rg. 21 shows variations in coupling state of the dual clutch and in revolving speed of the middle shaft in the course 

of a changeover operation; 
20 Rg. 22 is a graph showing a voltage regulation process in a first application; 

Rg. 23 is a graph showing a voltage regulation process in a second application; 

Rg. 24 is a graph showing a voltage regulation process in a third application; 

Rg. 25 is a graph showing a variation in revolving speed in the changeover process; 

Rg. 26 schematically illustrates the structure of a hybrid vehicle in one modified example; 
25 Rg. 27 shows the state of the power system under the respective on-off conditions of the dual clutch in the hybrid 

vehicle of the modified example; 

Rg. 28 illustrates the structure of a dual clutch in a first modified example; 
Rg. 29 illustrates the structure of another dual clutch in a second modified example; 
Rg. 30 schematically illustrates the structure of a hybrid vehicle having a motor linked with a drive shaft; 
30 Rg. 31 shows power transmission in the case of underdrive connection when the revolving speed of the engine is 
higher than that of the drive shaft in the structure of Fig. 30; 

Rg. 32 shows power transmission in the case of underdrive connection when the revolving speed of the engine is 
lower than that of the drive shaft in the structure of Rg. 30; 

Rg. 33 schematically illustrates the structure of the hybrid vehicle having the motor linked with the output shaft of 
35 the engine; 

Rg. 34 shows power transmission in the case of overdrive connection when the revolving speed of the engine is 
higher than that of the drive shaft in the structure of Fig. 33; 

Rg. 35 shows power transmission in the case of overdrive connection when the revolving speed of the engine is 
lower tharilhat of the drive shaft in the structure of Rg. 33; and 
40 Rg. 36 illustrates the structure of a hybrid vehicle in which the connection of the assist motor is changeable. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0041] Preferred embodiments of the present invention will be described below in the following order: 

45 

A. Structure of System ^ 

B. Structure of Dual dutch 

C. Connection in Power System 

D. General Operations 
so E. Drive Control Process 

R Connecting State Changeover Control 
G. Coupling of Released Clutch 
K Effects 
I. Modification 

55 

A. Structure of System 

[0042] Rg. 1 schematically illustrates the structure of a hybrid vehicle in one embodiment of the present invention. 
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The hybrid vehicle has a power system including an engine 150, a clutch motor 130, and an assist motor 140. As 
described later, connection of the assist motor 140 is changed between the engine 150 and the clutch motor 130. 
[0043] The engine 150 is a conventional gasoline engine. Operations of the engine 150 are controlled by an 
EFiECU(Eiectronic Fuel Injection and Engine Control Unit) 1 70. The EFIECU 1 70 is a one-chip microcomputer includ- 
ing a CPU, a ROM, and a RAM. The CPU controls, for example, fuel injection of the engine 150 according to a program 
stored in the ROM. In order to execute such control processes, a diversity of sensors indicating driving conditions of the 
engine 150 are connected to the EFIECU 1 70. One of such sensors is a speed sensor 152 that measures a revolving 
speed of a crankshaft 156. Other sensors and switches are omitted from the illustration. The EFIECU 1 70 is electrically 
connected to a main control unit 190 and transmits various information to and from the main control unit 190. The 
EFIECU 1 70 controls the engine 150 in response to a variety of command values with regard to the driving conditions 
of the engine 1 50 output from the main control unit 1 90. 

[0044] The crankshaft 156 of the engine 150 is connected to an inner rotor 1 32 of the clutch motor 1 30 via a damper 
157. The clutch motor 130 is a pair-rotor motor that has the inner rotor 132 linked with an inner rotor shaft 1 33 and an 
outer rotor 134 linked with a drive shaft 135, where the inner rotor 132 and the outer rotor 134 are rotatable relative to 

15 each other. The outer rotor 134 is connected with an axle 116 with driving wheels 116R and 116L via the drive shaft 
135 and a differential gear 1 14. The clutch motor 130 works as a motorw'rth electric power supply. The clutch motor 130 
also functions as a generator when an external force is applied to rotate the inner rotor 1 32 and the outer rotor 134. The 
clutch motor 1 30 may be a sine-wave magnetized motor, in which the magnetic flux density between the inner rotor 1 32 
and the outer rotor 134 has a sine distribution in a circumferential direction. In this embodiment, however, a non-sine 

20 wave magnetized motor that is capable of outputting relatively large torques is used as the clutch motor 1 30. 

[0045] Since both the inner rotor 1 32 and the outer rotor 1 34 are rotatable, the clutch motor 1 30 enables the power 
input from one of them to be transmitted to the other. The clutch motor 1 30 carries out the power running to transmit the 
enhanced power to the other, and carries but regenerative operation to take out part of the mechanical power in the 
form of electric power while transmitting the residual mechanical power. No power is transmitted when the clutch motor 

25 130 carries out neither the power running nor the regenerative operation. This state is achieved by the release of a 
mechanical clutch. 

[0046] The outer rotor 1 34 is electrically connected to a battery 1 94 via a slip ring 1 38 and a driving circuit 1 91 . The 
driving circuit 191 is constructed as a transistor inverter having a plurality of transistors as switching elements, and is 
electrically connected with the main control unit 190. The main control unit 190 performs PWM (pulse width modulation) 
30 control on the on- and off-time of the transistors in the driving circuit 1 91 . The three-phase alternating current, with the 
battery 194 as the power source, then flows through the outer rotor 134 via the slip ring 138 to rotate the clutch motor 
130. 

[0047] The assist motor 140 is constructed as a synchronous motor generator like the clutch motor 130, and 
includes a rotor 1 42 with a plurality of permanent magnets attached to an outer circumferential face thereof and a stator 
35 1 44 with three-phase coils wound thereon to form a revolving magnetic field. The assist motor 1 40 is connected to the 
battery 194 via a driving circuit 192. The driving circuit 192 is also constructed as a transistor inverter. The main control 
unit 190 switches on and off the transistors in the driving circuit 192 to generate a revolving magnetic field of the stator 
i 44 and rotate the assist motor 1 40. In this embodiment, a noh-slne wave magnetized motor is used as the assist motor 
140. 

40 [0046] The assist motor 140, the clutch motor 130, and the engine 150 are respectively linked with a dual dutch 
200. 1 n the power system of this embodiment, the position of the engine 1 50 is referred to as an upstream side and the 
position of the axle 116 is referred as a downstream side. As described before, the dual clutch 200 changes the con- 
nection of the assist motor 140 between the upstream side of the clutch motor 130 and the downstream side of the 
clutch motor 130. 

45 

B. Structure of Dual clutch 

■ » 

[0049] Fig. 2 schematically illustrates an upper half of the dual clutch 200 including an axis of rotation. The dual 
clutch 200 includes three rotary units and one stationary unit 600. The rotary units are an inner rotary unit 300, a middle 

so rotary unit 400, and an outer rotary unit 500, which are arranged in this sequence radially from the axis of rotation. 
These rotary units 300 through 500 are assembled with bearings 701 through 705 to be rotatable relative to one 
another. The bearings 701 through 704 are needle bearings, and the bearing 705 is a ball bearing. In the structure of 
the embodiment, the inner rotary unit 300, the middle rotary unit 400, and the outer rotary unit 500 are respectively con- 
nected with the engine 150, the assist motor 140, and the outer rotor 134 of the clutch motor 130. The configurations 

55 of the stationary unit 600 and the respective rotary units 300 through 500 are discussed more in detail. 

[0050] The stationary unit 600 is made of a magnetic material and has cores 602 and 604 to respectively receive 
electromagnet coils 601 and 603 therein. The stationary unit 600 is fixed to a casing of the dual clutch 200 with bolts. 
Supplies of electric power are fed from the battery 1 94 to the coils 601 and 603 as shown in Fig. t and regulated by on- 
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off operations of switches 61 1 and 613, respectively. j 
[0051] Fig. 3 shows the structure of the inner rotary unit 300. The part defined by the solid lines represents the inner | 
rotary unit 300. The inner rotary unit 300 has an inner shaft 301 working as a power transmission shaft. A cam 302 is 
fixed to the outer circumference of the inner shaft 301 . Fig. 4 is a sectional view of the inner rotary unit 300 taken on the 

5 line A-A of Fig. 3. The cam 302 has a cross section of a regular decagon. The middle rotary unit 400 has a middle shaft 

401 working as a power transmission shaft and having an inner circumferential face of a circular cross section. The ! 
interval between the inner circumferential face of the middle shaft 401 and the outer circumferential face of the cam 302 
is narrower near each vertex of the regular decagon and wider near the center of each side of the regular decagon to 
form a wedge-like space. The cam 302 may be integrated with the inner shaft 301 . 

w [0052] A support member 305 and rollers 304 are mounted on the outer circumference of the cam 302 to be rotat- 
able in the circumferential direction. Referring to Fig. 4, the support member 305 has ten pockets arranged in the cir- 
cumferential direction to receive ten rollers 304, respectively. The diameter of each roller 304 is smaller than the j 
maximum interval between the middle shaft 401 and the cam 302 but is greater than the minimum interval. When the 
roller 304 is located in the vicinity of the center of each wedge-like space, there is a clearance between the cam 302, • 

15 the roller 304, and the middle shaft 401 . Power is accordingly not transmitted between the inner shaft 301 and the mid- 
dle shaft 401. \ 
[0053] When a roller r1 (304) moves in the circumferential direction as shown by the arrow in Fig. 4 to approach 
either one of ends WR and WL of the wedge-like space, the cam 302, the roller 304, and the middle shaft 401 couple j 
integrally with one another to enable power transmission between the inner shaft 301 and the middle shaft 401. In the 

20 case where the inner shaft 301 rotates clockwise, the roller 304 gains coupling at the end WL to enable transmission of 
power to the middle shaft 401 . In the case where the inner shaft 301 rotates counterclockwise, on the other hand, the 
roller 304 gains coupling at the end WR to enable transmission of power to the middle shaft 401 . j 
[0054] In this manner, the dual clutch 200 of this embodiment connects and disconnects the inner shaft 301 with 
and from the middle shaft 401 according to the position of the rollers 304. The following describes a mechanism of reg- 

25 ulating the position of the rollers 304. Referring back to Fig. 3, the support member 305 and the cam 302 hold a switch 
spring 303 on one end thereof. Fig. 5 is a sectional view of the inner rotary unit 300 taken on the line B-B of Fig. 3. Both 
the cam 302 and the support member 305 have notches, in which the switch spring 303 is set. The switch spring 303 
causes the elastic force to act in the directions shown by the arrows in Fig. 5. While no external force is applied, the 
switch spring 303 keeps the support member 305 at the illustrated position, that is, in a neutral state. 

30 [0055] As shown in Fig. 3, the support member 305 also has a columnar projection 306 fixed at several positions 
on the other end opposite to the switch spring 303. The columnar projection 306 has a disc-shaped armature 307 set 
thereon. The projection 306 causes the armature 307 to rotate integrally with the support member 305. The armature 
307 is, however, not fixed to the projection 306 but is simply set on the projection 306 via a little clearance to be movable 
in the direction of the axis of rotation. i 

35 [0056] When electricity is supplied to the coil 603, the armature 307 is attracted to a radially-extending side face 

410 of the middle shaft 401 to rotate integrally with the radially-extending side face 410. Since the armature 307 is j 
attracted to the radially-extending side face 41 0 with a sufficiently strong force, the support member 305 moves in the I 
circumferential direction against the elastic force of the switch spring 303. The rollers 304 accordingly move in the cir- j 
cumferential direction, so that the inner shaft 301 couples with the middle shaft 401 as discussed previously with Rg. } 

40 4: In the dual dutch 200, the cam 302, the rollers 304, the support member 305, the projection 306, the armature 307, ■] 
the switch spring 303, the coil 603, and the radially-extending side face 41 0 constitute an inner electromagnetic clutch 
unit. The armature 307 and the radially-extending side face 410 correspond to a frictional coupling member of the inner 
electromagnetic clutch unit 

[0057] The cam 302 may have a diversity of cross sectional shapes other than the decagonal shape shown in Fig. 

45 4. Fig. 6 shows a cross sectional shape of another cam 302a in one modified example. In the embodiment of Rg. 4, the 
cam 302 has planar outer circumferential sides to form the wedge-lie spaces. In the modified example, of Fig. 6, on the 
other hand, the cam 302a has inwardly convex arc-shaped sides 302b. Each arc-shaped side 302b has a radius of cur- 
vature d that is substantially equivalent to the outer radius of the cam 302a. This cross sectional shape makes the 
interval between the outer circumference of the cam 302a and the inner circumference of the middle shaft 401 abruptly 

so narrower in the circumferential direction, compared with the interval in the embodiment of Fig. 4. This advantageously 
facilitates the coupling of the rollers 304. Each roller 304 located in the neutral position slightly moves in the circumfer- 
ential direction to gain coupling in an area WR' or in an area WL'. The cross sectional shape of the modified example 
accordingly reduces the possible backlash in the case of a change in rotating direction. The cam is not restricted to the 
shapes of the embodiment and this modified example, but may have a diversity of other cross sectional shapes that 

55 ensure formation of wedge-like spaces between the inner circumferential face of the middle shaft 401 and the outer cir- 
cumferential face of the cam. 

[0058] The clutch unit may hold the rollers in a different configuration. Fig. 7 is a sectional viev^ illustrating a cam 
302c and rollers 304a and 304b in a modified example. Only part of the cam 302c is shown in Fig. 7. In the embodiment 
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of Fig. 4, one roller 304 is located in each of the wedge-like spaces and gains coupling by both the clockwse rotate 
selectively >used according to the rotatmg direction. In the modified example of Rg. 7 i n th e neutra' state — r Z 
tor Zf t T? 31 SPedfiC P ° Siti0nS that are deviated f rom ,he ™<™ ol the resp^ve si£s ofThe S aS 

=E~"~~=~— ss=5,S5 

mag cZ^T n "ZoZlT^ T ^ ** ^ " 3 C ° UP ' in9 member of a " <> ute ' ^o- 

power of Z T«er shisM ^ ^ " h "** l ° 6nable a Chain be * 504 * extract the 

r.r^r^Z'^^LTJoX'" 1 r°" o,, , he ■** ** 401 a 

oi i U d bwncn spnng 403 are mounted on the outer circumference of the cam 402 The sunnnrt m^mhor ahk 
*Z UTr »£f ementS m ° Unted on 1,16 °"ter circumferential face of the middle shaft 401 are included 

f ? ^ u ^ n " n9 thS ,ntensities of attraction of the armatures 307 _ and 407 with time A varied 
swfch.ng elements, such as thyristors, or relays may be applicable for the switches 61 1 and 613 * 

C. Connection in Power System 

£2LJI£ ,0ll< ^ n9 de ! Crit>eS the ° Pera,i0nS ° f the dual dutch 200 of *e embodiment and the connection in the 

^^^t2t5i!? ,n * S hybnd vehfc,e of the sediment The switchover of the dual dutch 200 changes 
ZJ £ " B Tl ° ,thehyb ndveh,cle a^ng four different connecting states A through D • 

• the , C ° nne k Ctin 9 state B. the inner dutch is in OFF position and the outer clutch is in ON position- that is 

l 9 ? r . L ^ 88881 m ° t0r 140 is linked with tne outer ro ^ 134 of the clutch motor 130 This is iden 
6 ° f ^ 30 dfeCUSS6d PreVi ° USfy - ThiS C ° nnectina stete is here -f,er referred** ft 'lertte 
[0065] in the connecting state C, the inner clutch is in ON posftion and Ihe outer clutch is in«OFF position; that is. 
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electricity is supplied only to the coil 603. Since only the inner clutch gains coupling, the connecting state C is equivalent 
to the configuration in which the assist motor 1 40 is linked with the engine 1 50. This is identical with the structure of Fig, 
33 discussed previously This connecting siate is hereinafter referred io as the overdrive connection. 
[0066] In the connecting state D, both the inner clutch and the outer clutch are in OFF position; that is, no electricity 
5 is supplied to either of the coils 601 and 603. Since both the inner clutch and the outer clutch are released, the assist 
motor 140 is disconnected from both the engine 150 and the clutch motor 130. In this case, the engine 150 is linked 
with the drive shaft only via the clutch motor 1 30. 

[00671 The hybrid vehicle of the embodiment attains the four different connecting states based on the on-off state 
of the dual clutch 200. Only the connecting state B (the underdrive connection) and the connecting state C (the over- 
10 drive connection) are, however, practically effective for the drive of the hybrid vehicle as described above. The technique 
of the embodiment thus selectively uses the connecting states B and C according to the driving conditions of the vehi- 
cle, among the four possible connecting states A through D. 

[0068] The driving conditions of the hybrid vehicle of this embodiment including the selective use of the connecting 
states discussed above are controlled by the main control unit 190. Like the EHECU 170, the main control unit 190 is 

15 a one-chip microcomputer including a CPU, a ROM, and a RAM. The CPU carries out a variety of control processes 
discussed later according to programs recorded in the ROM. In order to attain such control processes, a diversity of 
sensors and switches are electrically connected to the main control unit 190. Some examples of the sensors and 
switches connecting with the main control unit 1 90 include an accelerator pedal position sensor 1 65 that measures the 
step-on amount of an accelerator pedal, a speed sensor 1 17 that measures the revolving speed of the axle 1 1 6, and a 

20 speed sensor 145 that measures the revolving speed of the assist motor 140 (see Fig. 1). The main control unit 190 is 
electrically connected with the EFIECU 170 and transmits various pieces of information to and from the EFIECU 170 
through communications. The main control unit 190 outputs required pieces of information to the EFIECU 170 to indi- 
rectly control the engine 150. On the other hand, required pieces of information, such as the revolving speed of the 
engine 150, are input from the EFIECU 170 to the main control unit 190. 

25 

D. Generation Operations 

[0069] As general operations of the hybrid vehicle of this embodiment, the following describes the operations of 
converting the power output from the engine 150 into a required combination of the revolving speed and the torque and 
30 outputting the required combination to the axle 1 1 6. Forthe clarity of explanation, it is assumed here that the differential 
gear 1 1 4 has a gear ratio equal to 1 . Namely it is assumed that the revolving speed and the torque of the axle 1 1 6 are 
identical with the revolving speed and the torque of the drive shaft 135. 

[0070] In the hybrid vehicle of this embodiment, the conversion follows different processes according to the relation- 
ship between a revolving speed Ne of the engine 1 50 and a revolving speed Nd of the axle 1 16 and the connecting state 

35 of the assist motor 1 40. These processes are described individually. 

[0071] The conversion is carried out through the following process in the state of the underdrive connection (that is, 
the connecting state B shown in Fig. 10). Fig. 1 1 is a graph showing a process of torque conversion in the state of the 
underdrive connection in the case where the revolving speed Nd of the axle 1 16 Is lower than the revolving speed Ne 
of the engirieTSO. The revolving speed N is plotted as abscissa, and the torque T as ordinate. The engine 1 50 is driven 

40 at a driving point Pe, while the axle 1 1 6 is rotated at a rotating pint Pd. A curve P shown in the graph of Fig. 1 1 is a 
constant-power curve where the product of the revolving speed and the torque is fixed. The power Pe output from the 
engine 150 and defined by a revolving speed Ne and a torque Te is converted into the power Pd defined by a revolving 
speed Nd that is lower than the revolving speed Ne and a torque Td that is greater than the torque Te and output to the 
axle 116. 

4$ [0072] In the case of the conversion shown in Fig. 1 1 , since the revolving speed Nd of the axle 1 1 6 is. lower than 
the revolving speed Ne of the engine 150, the clutch motor 130 relatively rotates in a reverse direction, and is driven to 
transmit part of the power output from the engine 1 50 to the axle 1 1 6, while recovering the residual output power in the 
form of electric power. The regenerated electric power is equal to the power of the clutch motor 1 30, that is, equal to an 
area GU 1 . The torque Td of the axle 1 1 6 is greater than the torque Te of the engine 1 50. The assist motor 1 40 is accord- 
so ingly driven with a positive torque and a positive revolving speed and carries out the power running with a supply of elec- 
tric power. The supply of electric power is equal to the power output from the assist motor 1 40, that is, equal to an area 
AU1. 

[0073] When it is assumed that both the clutch motor 130 and the assist motor 140 have a driving efficiency of 
1 00%, the electric power regenerated by the clutch motor 130 is identical with the electric power supplied to the assist 
55 motor 1 40. The clutch motor 1 30 takes out the energy corresponding to the area GU1 in the form of electric power and 
supplies the electric power as the energy corresponding to the area AU1 . This converts the power defined by the driving 
point Pe of the engine 150-into the state of the point Pd. In the actual state, however, the motors 1 JO and 140 do not 
have the driving efficiency of 100%. The above conversion is accordingly implemented by using the electric power accu- 
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mulated in the battery 194 or by causing the engine 150 to output an additional power corresponding to the loss. For 
the clarity of explanation, the operations of the embodiment are described on the assumption that both the motors 130 
and 140 have the driving efficiency of 100%. 

[0074] Fig. 12 is a graph showing a process of torque conversion in the state of the underdrive connection in the 
5 case where the revolving speed Nd of the axle 1 16 is higher than the revolving speed Ne of the engine 150. In the case 
of the conversion shown in Fig. 12, the clutch motor 130 carries out the power running with a supply of electric power. 
The supply of electric power is equal to the total of areas GU2 and GU3. The torque Td of the axle 1 16 is smallerthan 
the torque Te of the engine 1 50. The assist motor 1 40 accordingly carries out the regenerative operation. The regener- 
ated electric power is equal to the total of areas AU2 and GU3. When it is assumed that both the motors 130 and 140 
10 have the driving efficiency of 1 00%, the electric power regenerated by the assist motor 1 40 is equal to the electric power 
supplied to the clutch motor 130. The conversion in this state causes the electric power to be supplied from the assist 
motor 140 located on the downstream side to the clutch motor 130 located on the upstream side, thereby generating a 
circulation of the power. The area GU3 shown in Fig. 12 corresponds to the circulated power. 
[0075] In the state of the underdrive connection, the driving points of the assist motor 1 40 and the clutch motor 1 30 
is to implement the above conversions are defined by Equations (1 ) given below: 

Revolving speed of clutch motor 130 Nc = Nd - Ne; (1 ) 

To rque of clutch motor 130 Tc= Te ; 

20 

Revolving speed of assist motor 140 Na = Nd; 
Torque of assist motor 140 Ta = Td -Te; 

25 [0076] Fig. 1 3 is a graph showing a process of torque conversion in the state of the overdrive connection in the case 
where the revolving speed Nd of the axle 1 1 6 is lower than the revolving speed Ne of the engine 1 50. In the case of the 
conversion shown in Fig. 13, the torque Td of the axle 1 16 is greater than the torque Te of the engine 150. The assist 
motor 140 accordingly carries out the power running with a supply of electric power, which is equal to the total of areas 
A01 and A02. The revolving speed Nd of the axle 1 16 is lower than the revolving speed Ne of the engine 150. The 

30 clutch motor 1 30 accordingly carries out the regenerative operation. The regenerated electric power is equal to the total 
of areas A02 and G01 . The electric power regenerated by the clutch motor 1 30 is supplied to the assist motor 1 40 for 
the power running. The regenerated electric power is equal to the supplied electric power. The conversion in this state 
causes the electric power to be supplied from the clutch motor 130 located on the downstream side to the assist motor 
140 located on the upstream side, thereby generating a circulation of the power. The area A02 shown in Rg. 13 corre- 

35 sponds to the circulated power. 

[0077] Fig. 1 4 is a graph showing a process of torque conversion in the state of the overdrive connection in the case 
where the revolving speed Nd of the axle 1 16 is higher than the revolving speed Ne of the engine 150. In the case of 
the conversion shown in Rg. 1 4, the torque Td of the axle 1161s smallerthan the torque Te of the engine 150. The assist 
motor 1 ^.accordingly carries out the regenerative operation to recover an electric power, which is equal to an area 

40 A03. The revolving speed Nd of the axle 1 1 6 is higher than the revolving speed Ne of the engine 1 50. The clutch motor 
130 accordingly carries out the power running with a supply of electric power, which is equal to an area G02. The 
regenerated electric power is equal to the supplied electric power. The conversion in this state causes the electric power 
to be supplied from the assist motor 140 located on the upstream side to the dutch motor 130 located on the down- 
stream side, thereby generating no circulation of the power. 

45 [0078] In the state of the overdrive connection, the driving points of the assist motor 1 40 and the clutch motor 1 30 
to implement the above conversions are defined by Equations (2) given below: 

Revolving speed of clutch motor 130 Nc = Nd - Ne; (2) 

so To rque of clutch motor 1 30 Tc= Td; 

Revolving speed of assist motor 140 Na = Ne; 

Torque of assist motor 140 Ta = Td - Te ; 

55 

[0079] As described above, the hybrid vehicle of this embodiment converts the power output from the engine 150 
into the required power defined by the required revolving speed and the required torque according to the connecting 
state of the assist motor 140 and the relationship between the revolving speed Nd of the axleM 16 and the revolving 
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speed Ne of the engine 150, thereby causing the required power to be output from the axle 116. This drive mode is 
hereinafter referred to as the standard drive mode. The hybrid vehicle is also driven with the assist motor 140 as the 
power source while the engine 150 is at a stop. This drive mode is hereinafter referred to as the EV drive mode. The 
EV drive is carried out in the state of the underdrive connection. While the hybrid vehicle stops, the assist motor 140 
5 may carry out the regenerative operation with the power of the engine 150 to generate the electric power. Such power 
generation is carried out In the state of the overdrive connection. 

[0080] As described above with Figs. 1 1 through 14, it is desirable that the hybrid vehicle adopts the overdrive con- 
nection when the revolving speed Nd of the axle 11 6 is higher than the revolving speed Ne of the engine 150 and the 
underdrive connection when the revolving speed Nd is lower than the revolving speed Ne. This arrangement effectively 
w prevents the circulation of the power and thus improves the driving efficiency, in order to attain the improved driving effi- 
ciency, the hybrid vehicle of the embodiment controls the connecting state of the assist motor 1 40 according to the rela- 
tionship between the revolving speed Nd and Ne. 

[0081] Rg. 1 5 shows the selection of various drive modes in the hybrid vehicle of this embodiment. A curve LIM rep- 
resents a drivable area of the hybrid vehicle. In an area with relatively low vehicle speeds and small torques, the EV 

75 drive is carried out. In an area with vehicle speeds and torques of not less than preset levels, the standard drive is car- 
ried out. A curve A represents a boundary on which the revolving speed Ne of the engine 150 is equal to the revolving 
speed Nd of the axle 1 16. In the area with smaller torques than the curve A, the hybrid vehicle is driven in principle in 
the state of the overdrive connection (OD). In the area with greater torques than the curve A, on the contrary, the hybrid 
vehicle is driven either in the state of the underdrive connection (UD) or in the neutral state. For example, when the driv- 

20 ing conditions of the vehicle vary along a curve DD shown in Fig. 1 5, the hybrid vehicle first carries out the EV drive and 
then shifts to the standard drive in the state of the overdrive connection. 

[0082] As clearly shown in the map of Rg. 15, the underdrive connection is used in the area with the requirement 
of relatively large torques. The hybrid vehicle of the embodiment thus changes the connecting state to the underdrive 
connection at the time of acceleration, for example, in response to an abrupt step-on of the accelerator pedal, simulta- 
25 neously with the control procedure based on the driving efficiency discussed above. This arrangement ensures the high 
response and the smooth acceleration. The control procedure of changing the connecting state of the assist motor 140 
will be described later in detail. 

E. Drive Control Process 

30 

[0083] As described above, the hybrid vehicle of the embodiment is driven in a diversity of drive modes including 
the EV drive mode and the standard drive mode. The CPU incorporated in the main control unit 190 (hereinafter simply 
referred to as the CPU) specifies the drive mode according to the driving conditions of the vehicle and controls the 
engine 150, the dutch motor 130, and the assist motor 140 in the specified drive mode. These controls are performed 
35 by periodically executing a variety of control process routines. The following describes the details of a torque control 
process in the standard drive mode. 

[0084] Rg. 1 6 is a flowchart showing a torque control routine in the standard drive mode. When the program enters 
this routine, the CPU first sets the energy Pd to be output from the drive shaft 1 35 at step S1 0. The energy or the power 
Pd is set, based on the vehicle speed and the step-on amount of the accelerator pedal measured by the accelerator 
40 pedal position sensor 165. The energy Pd to be output from the drive shaft 135 is defined by the product of a target 
revolving speed Nd* and a target torque Td* of the axle 1 1 6. The target torque Td* is read from a table representing the 
mappings of the accelerator travel arid the vehicle speed to the torque. 

[0085] The CPU subsequently calculates a charge-discharge electric power Pb and an auxiliary machinery driving 
energy Ph at steps S15 and S20. The charge-discharge electric power Pb represents the energy required for charging 

45 or discharging the battery 194. The charge-discharge electric power Pb takes a positive value when it is required'to 
charge the battery 194, and takes a negative value when it is required to discharge the battery 1§4. The auxiliary 
machinery driving energy Ph represents the electric power required for driving auxiliary machinery including an air con- 
ditioner. The sum of the calculated electric powers or energies Pd, Pb, and Ph is set as a required power Pe at step S25. 
[0086] The torque control routine carries out the control of the engine 150 and the other related constituents by tak- 

50 ing into account the energy balance per unit time. The term 'energy' in this specification thus represents the energy per 
unit time. From this point of view, the mechanical energy is synonymous with the power, and the electrical energy is syn- 
onymous with the electric power in this specification. 

[0087] The CPU then sets a driving point of the engine 150, based on the preset required power Pe at step S30. 
The driving point is defined by a combination of a target revolving speed Ne* and a target torque Te* of the engine 1 50. 
55 The driving point of the engine 1 50 is set according to a predetermined map by basically giving preference to the driving 
efficiency of the engine 150. 

[0088] Rg. 1 7 is a graph showing the relationship between the driving point of the engine 150 a^nd the driving effi- 
ciency. In the graph of Fig. 17, the driving conditions of the engine 150 are defined by the revolving speed Ne plotted 
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as abscissa and the torque Te plotted as ordinate. A curve B represents a limit of the operable range of the engine 150. 
Curves a1 through a6 represent constant driving efficiency curves on which the driving efficiency of the engine 150 is 
fixed. The driving efficiency lowers from the curve «1 to the curve a6. Curves CI through C3 represent constant power 
curves on which the power (revolving speed x torque) output from the engine 1 50 is fixed. 

5 [0089] As clearly understood from the graph of Fig. 17, the driving efficiency of the engine 150 significantly varies 
according to the revolving speed and the torque. When the engine 150 outputs the power along the curve CI, a driving 
point A1 (defined by the combination of the revolving speed and the torque) has the maximum driving efficiency. In a 
similar manner, when the engine 1 50 outputs the power along the curves C2 and C3, driving points A2 and A3 have the 
maximum driving efficiency. Selecting the driving point having the maximum driving efficiency corresponding to the 

10 power to be output gives a curve A. The curve A is called a working curve. The working curve A Is identical with the 
curve A shown in Fig. 1 5. 

[0090] The concrete procedure of step S30 in the flowchart of Fig. 16 reads the driving point corresponding to the 
required power Pe from a map, which represents the working curve A experimentally determined in advance and stored 
in the ROM incorporated in the main control unit 1 90, and sets the target revolving speed Ne* and the target torque Te* 
15 of the engine 150. This technique enables the setting of a desired driving point of the engine 150 having a high driving 
efficiency. 

[0091] At subsequent step S1 00, the CPU carries out a connecting state changeover control according to the driv- 
ing point of the engine 150 set in the above manner. The connecting state changeover control changes the connecting 
state between the underdrive connection (the connecting state B shown in Fig. 10) and the overdrive connection (the 
20 connecting state C shown in Fig. 1 0) according to the driving conditions of the hybrid vehicle. The details of this control 
process will be described later in detail. Execution of this control process causes the assist motor 140 to falls into either 
the underdrive connection or the overdrive connection. 

[0092] The CPU then sets torque command values and revolving speed command values of the clutch motor 130 
and the assist motor 140 at step S200. In the state of the underdrive connection, in order to implement such settings, 

25 the procedure substitutes the target revolving speed Nd* and the target torque Td* into the revolving speed Nd and the 
torque Td of the axle 1 1 6 and the target revolving speed Ne* and the target torque Te* set at step S30 into the revolving 
speed Ne and the torque Te of the engine 150 in Equations (1) given above. In the state of the overdrive connection, 
the procedure carries out the similar substitution in Equations (2) given above in order to implement the settings. 
[0093] At subsequent step S205, the CPU controls the operations of the clutch motor 130, the assist motor 140, 

30 and the engine 150, based on the torque command values and the revolving speed command values set in the above 
manner. A known control technique of synchronous motors is applicable to control the operations of these motors. The 
technique of the embodiment carries out a proportional-plus-integral control," which measures the current torque of 
each motor and sets the voltage command values to be applied to the respective phases, based on a deviation of the 
observed torque from the target torque and the target revolving speed. The voltage command values to be applied to 

35 the respective phases are specified by the proportional term, the integral term, and the cumulative term of the deviation. 
Appropriate values, for example, determined experimentally, are set to the proportional coefficients of the respective 
terms. The voltages set in this manner are converted into the switching duties of the transistor inverters of the driving 
circuits 1 91 and 1 92 and applied to the respective motors through the PWM control. 

[0094] Jhe CPU regulates the switching operations of the driving circuits 191 and 192 to directly control the oper- 
40 ations of the clutch motor 130 and the assist motor 140 as described above. The operations of the engine 150 are, on 
the other hand, actually controlled by the EFIECU 170. The CPU of the main control unit 190 outputs the information 
with regard to the driving point of the engine 150 to the EFIECU 170, thereby indirectry controlling the operations of the 
engine 150. The above series of the processing is carried out periodically, so that the hybrid vehicle of the embodiment 
converts the power output from the engine 150 into a desired combination of the revolving speed and the torque and 
45 causes the desired combination to be output from the drive shaft 135 for a drive. 

F. Connecting State Changeover Control * 

[0095] Fig. 1 8 is a flowchart showing a connecting state changeover control routine. When the program enters this 
so routine, the CPU first inputs parameters representing the driving conditions of the hybrid vehide at step S102. The 
parameters input here include the target revolving speed Nd* and the target torque Td* of the axle 1 1 6 and the accel- 
erator travel. The CPU then determines whether or not the changeover of the connecting state is required, based on 
the input parameters at step S1 04. The requirement of the changeover of the connecting state is based on two condi- 
tions. The first condition is whether or not the changeover of the connection heightens the driving efficiency. The second 
55 condition is whether or not the changeover of the connection enables a required torque by the driver to be output imme- 
diately and ensure the smooth acceleration. 

[0096] The first condition, that is, the determination based on the driving efficiency, is described in a concrete exam- 
ple. Fig. 19 shows the requirement of the changeover from the underdrive connection to the overdrive connection. A 
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curve A shown in Fig. 19 corresponds to the curve A shown in Fig. 15 and represents a boundary between a drive area 
UD suitable for the underdrive connection and a drive area OD suitable for the overdrive connection. A curve DU rep- 
resents a variation in vehicie speed and iorque during a drive of the hybrid vehicle. As shown by the arrows in Fig. 19, 
the hybrid vehicle is accelerated with a greater output torque than a drive resistance DD. The output torque gradually 

5 lowers with acceleration, and the hybrid vehicle drives at a cruising speed where the output torque balances with the 
drive resistance DD. The changeover from the underdrive connection to the overdrive connection is carried out, for 
example, in the course of such acceleration. When the rotating state of the axle 116 varies with a variation in vehicle 
speed as shown by the arrows to reach a point PD1 , at which the curve DU crosses the curve A, the CPU determines 
that the changeover from the underdrive connection to the overdrive connection is required. 

10 [0097) Rg. 20 shows the requirement of the changeover from the overdrive connection to the underdrive connec- 
tion. A curve DD represents the drive resistance when the hybrid vehicle drives at a cruising speed on a road without 
any slopes. A point POO represents a state of stationary drive at a certain vehicle speed. When the driver steps on the 
accelerator pedal during a drive in this state, the output torque of the vehicle increases along a curve DO to accelerate 
the vehicle. The changeover from the overdrive connection to the underdrive connection is carried out, for example, in 

75 the course of such acceleration. When the rotating state of the axle 116 varies with a variation in vehicle speed as 
shown by the arrow to reach a point P01, at which the curve DO crosses the curve A, the CPU determines that the 
changeover from the overdrive connection to the underdrive connection is required. 

[0098] The CPU determines the requirement of the changeover of the connecting state, based on the combination 
of the vehicle speed and the torque crossing over the working curve. In the technique of the embodiment, a certain hys- 

20 teresis is set for the determination of the requirement of the changeover, in order to prevent frequent changeovers of 
the connecting state. The requirement of the changeover from the underdrive connection to the overdrive connection is 
determined when the rotating state of the axle 116 crosses over the curve A and reaches a predetermined boundary 
curve UL set in the areaOD as shown in Rg. 19; In a similar manner, the requirement of the changeover from the over- 
drive connection to the underdrive connection is determined when the rotating state of the axle 1 1 6 crosses over the 

25 curve A and reaches a predetermined boundary curve HL set in the area UD as shown in Fig. 20. The width of the hys- 
teresis, that is, the positions of the boundary curves HL and HL, is arbitrarily set by taking into account the driving effi- 
ciency of the vehicle and the possible deterioration of the ride due to the frequent changeovers. 
[0099] The second condition, that is, the determination based on the smooth acceleration, is described in a con- 
crete example. In the state of the overdrive connection as shown in Fig. 20, the driver requires abrupt acceleration, for 

30 example, by abruptly stepping on the accelerator pedal. In this case, the driver requires a large torque. There is accord- 
ingly a high possibility that the changeover from the overdrive connection to the underdrive connection is required in the 
course of the acceleration as shown in the map of Rg. 20. The changeover to the underdrive connection at the begin- 
ning of the acceleration, that is, at the point POO shown in Fig. 20, desirably prevents the changeover control in the 
course of the acceleration, thereby ensuring the smooth acceleration. 

35 [0100] In the hybrid vehicle of the embodiment, the underdrive connection has a greater maximum output torque 
and is thus suitable for the abrupt acceleration. In the state of the overdrive connection, the engine 150, the assist motor 
140, and the clutch motor 130 are arranged in this sequence from the upstream side. The maximum output torque in 
this structure is restricted to the maximum toque transmlttable by the clutch motor 130. In the state of the Underdrive 
connection, oTrthe other hand, the engine 150, the clutch motor 130, and the assist motor 140 are arranged in this 

40 sequence from the upstream side. This structure enables the assist motor 140 to apply an additional torque, in addition 
to the maximum torque transmittable by the clutch motor 130. Because of these reasons, the underdrive connection is 
suitable for the abrupt acceleration. When the driver abruptly steps on the acceleration pedal, that is, when the variation 
in accelerator travel becomes equal to or greater than a preset level, the technique of the embodiment inputs an inten- 
tion of the abrupt acceleration and determines that the changeover to the underdrive connection is required. 

45 [0101] When it is determined at step S1 04 that the changeover of the connecting state is required, the procedure 
carries out a series of the processing to change the coupling state of the dual clutch 200. When it is determined at step 
S1 04 that the changeover of the connecting state is not required, on the other hand, the procedure skips the series of 
the processing and exits from this connecting state changeover control routine. 

[0102] The following describes the series of the processing to change the coupling state of the dual clutch 200. In 
50 the description below, the clutch changed from the OFF position to the ON position by the series of the processing is 
called the released clutch, and the clutch changed from the ON position to the OFF position is called the coupled clutch. 
The changeover from the underdrive connection to the overdrive connection sets on the inner clutch and sets off the 
outer clutch in the dual clutch 200. Namely the inner clutch is the released clutch and the outer clutch is the coupled 
clutch. The changeover from the overdrive connection to the underdrive connection, on the other hand, sets on the 
55 outer clutch and sets off the inner clutch in the dual clutch 200. Namely the outer clutch is the released clutch and the 
inner clutch is the coupled clutch. 

[0103] The changeover procedure makes the revolving speeds of the three shafts of the dual clutch 200 substan- 
tially coincident with one another, sets on the released clutch to keep both the inner clutch and the outer clutch in the 
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coupled state, and sets off the coupled clutch. At step S108, the CPU subtracts the revolving speed Ne of the engine 
150 from the revolving speed Nd of the drive shaft 135 to calculate a revolving speed difference AN as a criterion of 
determining whether or not the changeover is allowed. The revolving speed difference AN corresponds to a difference 
between the revolving speed of the two rotating shafts in the coupled clutch and the revolving speed of the residual one 
rotating shaft in the released clutch. 

[0104] The CPU regulates the torque of the assist motor 1 40 to reduce the revolving speed difference AN at step 
S1 1 0. The technique of the embodiment adopts the proportional-plus-integral control based on the revolving speed dif- 
ference AN. In the state of the overdrive connection, the revolving speed Ne of the engine 150 is lower than the revolv- 
ing speed Nd of the drive shaft 1 35, so that the revolving speed difference AN is greater than zero. When the connecting 
state Is changed from the overdrive connection to the underdrive connection, it is required to. raise the revolving speed 
Ne of the engine 150 to the revolving speed Nd of the drive shaft 135. The assist motor 140 is linked with the engine 
150 and thereby outputs a positive torque in relation to the revolving speed difference AN to raise the revolving speed 
Ne of the engine 150. In the course of the changeover from the underdrive connection to the overdrive connection, on 
the other hand, the assist motor 140 is linked with the drive shaft 135 and thereby outputs a positive torque in relation 
to the revolving speed difference AN to raise the revolving speed Nd of the drive shaft 1 35. The positive torque is set by 
multiplying the proportional term and the integral term of the revolving speed difference AN by preset gains. The torque 
of the assist motor 1 40 may be set by a variety of other methods. 

[0105] Regulation of the assist motor 140 makes the revolving speeds of the three shafts connecting with the dual 
clutch 200 substantially coincident with one another. The technique of the embodiment also carries out a voltage regu- 
lation of the released clutch at step S112, in order to quickly equalize the revolving speeds. The voltage regulation 
causes the released clutch to be coupled when the existing revolving speed difference is within an allowable range of 
the dual clutch 200. This procedure is described in an example of the changeover from the overdrive connection to the 
underdrive connection. In the state of the overdrive connection, the revolving speed Nd of the drive shaft 135 is higher 
than the revolving speed Ne of the engine 1 50. When the released clutch or the outer clutch is coupled in this state, the 
power of the drive shaft 135 is transmitted to the engine 150, so as to raise the revolving speed Ne of the engine 150. 
The processing of step S1 12 couples the released clutch to attain such effects as described later in detail. 
[0106] After the execution of the regulation of the assist motor 140 and the regulation of the released clutch, the 
CPU determines whether or not a changeover operation of the clutches is allowed at step S1 14. The concrete proce- 
dure of step S114 compares the revolving speed difference AN with a predetermined value NT. The predetermined 
value NT defines an allowable range of the revolving speed difference AN, in which coupling of the clutch is allowed, 
and is set individually for the dual clutch 200. In the case where the revolving speed difference AN is less than the pre- 
determined value NT, the CPU determines that the revolving speed difference AN is within the aJlowable range and car- 
ries out the changeover of the clutches at step S1 1 6. The concrete procedure of step S1 1 6 sets on the released clutch 
and sets off the coupled clutch. Setting on the released clutch and setting off the coupled clutch may be implemented 
simultaneously. The technique of the embodiment, however, first keeps both the clutches in the coupled state and sub- 
sequently sets off the coupled clutch. In the case where the revolving speed difference AN is not less than the prede- 
termined value NT, on the other hand, the CPU determines that the changeover is not allowed and repeatedly executes 
the processing of steps S108 through S1 12 to further reduce the revolving speed difference AN. The above series of 
the processing causes the hybrid vehicle of the embodiment to drive while changing the connecting state of the assist 
motor 1 40 according to the driving conditions. 

[0107] In the control process of Fig. 18, the CPU makes the revolving speeds of all the rotating shafts of the dual 
clutch 200 substantially coincident with one another while keeping the coupled dutch in the coupled state, and subse- 
quently sets on the released clutch and sets off the coupled clutch (step S116). The changeover process of the con- 
necting state is,_however, not restricted to this procedure, but the changeover may be implemented via a state in which 
both the inner clutch and the outer clutch are set in off position. This modified procedure first sets oft the coupled clutch , 
makes the revolving speeds of the two rotating shafts in the released clutch substantially coincident with each other, 
and then sets on the released clutch. Another possible modification does not perform the torque regulation of the assist 
motor 140 (step S1 10) but carries out only the voltage regulation of the released clutch (step S1 12). 

G. Coupling of Released Clutch 

[0108] The following describes the concrete procedure of the regulation carried out at step St 1 2 in the flowchart of 
Fig. 18. Fig. 21 shows variations in coupling state of the dual clutch 200 and in revolving speed of the middle shaft 401 
in the course of a changeover operation. In this example, the connecting state is changed from the underdrive connec- 
tion to the overdrive connection. Namely the procedure changes the connecting state from the initial state, in which the 
outer clutch is on, the inner clutch is off, and the middle shaft 401 is coupled with the outer shaft 501 connecting with 
the drive shaft 135, to the state in which the middle shaft 401 is coupled with the inner shaft 301 connecting with the 
engine 150. The procedure adopted here releases the coupled clutch or the outer clutch, makes' the revolving speeds 
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of the middle shaft 401 and the inner shaft 301 substantially coincident with each other, and sets on the released clutch 
or the inner clutch. In accordance with one possible modification, the procedure may follow the control process shown 
in the flowchart of Fig. 1 8 and carry out the adjustment of the revolving speeds whiie the outer cluich is kept in the cou- 
pled state. 

5 [0109] At a time point t1 , the CPU outputs a control signal of setting off the outer clutch and starts the changeover 
operation. At a time point t2 after elapse of a predetermined delay time, the outer clutch is actually released. At this 
moment, the revolving speed of the middle shaft 401 is equal to a revolving speed Nout of the drive shaft 1 35. 
[01 10] A low signal is output to the inner clutch at a time point t3 after a certain time delay, and the inner clutch falls 
into a half coupled state at a time point t4. In the half coupled state, the clutch enables transmission of the torque by 

10 means of only the frictional force of the armature 307 against the radially-extending side face 410 of the middle shaft 
401 . As described previously, the rollers 304 attached to the inner shaft 301 couple with the middle shaft 401, so that 
the dual clutch 200 of the embodiment transmits the torque. The rollers 304 are generally kept in the neutral position by 
means of the switch spring 303 and shift to the coupling position when the armature 307 comes into contact with the 
radially-extending side face 410 to generate a sufficient frictional force against the pressing force of the switch spring 

is 303. Even when the rollers 304 are not shifted to the coupling position, the contact of the armature 307 with the radially- 
extending side face 410 generates a frictional force to allow transmission of the torque in a certain range between the 
middle shaft 401 and the inner shaft 301 . The half coupled state represents such a state that allows transmission of the 
torque by means of the frictional force, and is attained by applying a low voltage to the coil 603 of the inner clutch to 
attract the armature 307 with a small force. The magnitude of the torque transmitted in the half coupled state is naturally 

20 smaller than the torque transmitted in the fully coupled state of the rollers 304. 

[0111] While the inner clutch is in the half coupled state, the inner shaft 301 is coupled with the middle shaft 401 
via a slip, so that the revolving speed of the middle shaft 401 rises to a revolving speed Nin of the inner shaft 301 . At a 
time point t5 when the revolving speed of the middle shaft 401 becomes substantially coincident with the revolving 
speed of the inner shaft 301 , a high signal is output to the inner clutch to apply a high voltage to the coil 603 and attract 

25 the armature 307 with a strong force. The rollers 304 then shift to the coupling position at a time point t6. This completes 
the changeover process. 

[0112] In the time chart of Hg. 21 , a curve of the broken line represents a variation in revolving speed of the middle 
shaft 401 in the structure that does not enable the released clutch to fall into the half coupled state. In this case, it is 
required to raise the revolving speed of the middle shaft 401 only by the regulation of the assist motor 140. Such regu- 

30 lation often causes overshoots or undershoots in the course of a transient response and requires a longer time to make 
the revolving speed of the middle shaft 401 substantially coincident with the revolving speed Nin of the inner shaft 301. 
In the structure that enables the released clutch to fall into the half coupled state, on the other hand, the revolving speed 
of the middle shaft 401 is increased with rotations of the inner shaft 301 to be coincident with the revolving speed Nin 
without any overshooting. This ensures the quick changeover. The above example regards the case in which the inner 

35 clutch is the released clutch. A similar procedure is adopted when the outer clutch is the released clutch. 

[0113] In the course of controlling the released clutch according to the procedure of Fig. 21 , the coupling force in 
the half coupled state is set according to a target time required for completion the changeover. The procedure first sets 
the target time required for completion of the changeover (for example, the time period between the time point t1 and 
the time poinftein the time chart of Fig. 21), based on a requirement of the driver's feeling. The procedure then sets a 

40 target time required for equalizing the revolving speeds in the released clutch by setting the released clutch in the half 
coupled state (for example, the time period between the time point t4 and the time point t5 in the time chart of Fig. 21). 
The target time required for equalizing the revolving speeds in the released clutch is expressed by At (sec). In the 
course of the changeover operation of the clutches, the difference between the revolving speed of the coupled clutch 
and the revolving speed of the released clutch (that is, the difference between the revolving speeds Nin and Nbut in Fig. 

45 21) in the initial state varies with a variation in driving conditions. The target time At is set for a typical initial revolving 
speed difference AN (rad/sec). , 
[0114] A torque T (Nm) to be appiied to the middle shaft 401 in the half coupled state to make the revolving speed 
difference AN converge to zero in the target time At is generally given by the following equation: 

so T = I x AN/At; 

where I denotes the moment of inertia (kg • m 2 ) of the middle shaft 401 and the assist motor 1 40 connected thereto. 
The torque T applied to the middle shaft 401 is proportional to the polar moment of inertia of area, the coefficient of fric- 
tion, and the attraction of the armature in the released clutch. Division of the calculated torque T following the above 
55 equation by the polar moment of inertia of area and the coefficient of friction of the armature in the released clutch sets 
the target attraction and the target voltage to be applied to the coil of the inner clutch. 

[0115] When the calculated torque T exceeds the torque of the switch spring in the released cjutch and is suffi- 
ciently large to enable coupling of the rollers, the clutch falls into the fully coupled state. In order to avoid the full cou- 
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pling, the switch spring in the released clutch is designed to apply a greater torque than the calculated torque T. In the 
state of outputting a high signal to the coil of the released clutch, a greater torque than the torque of the switch spring 
should act on the f rictional coupling member. The target voltage to be applied to the coil of the released clutch is set to 
enable application of such a torque. 

5 [0116] The target time At required for completion of the changeover and the typical revolving speed difference AN 
are set individually for the changeover from the overdrive connection to the unde.rdrive connection and for the reversed 
changeover. The individual settings enable adequate values suitable for the changeover process to be applied for the 
torques of the switch springs in the outer clutch and the inner clutch and the voltage in the half coupled state. 
[0117] As described above, the arrangement of coupling the released clutch through the half coupled state enables 

10 the revolving speeds of the rotating shafts In the released clutch to become coincident with each other quickly and 
thereby shortens the time period required for completion of the changeover. 

[0118] The released dutch may be coupled in a variety of other applications. Fig. 22 is a graph showing a voltage 
regulation process in a first application. The first application gradually increases the voltage of the coil in the released 
clutch according to the revolving speed difference, so as to gradually enhance the coupling force, As discussed in Fig. 

15 21, in the released dutch, the torques are applied to make the revolving speeds of the two rotating shafts substantially 
coincident with each other while there is a slip in the frictional coupling member. The revolving speed difference 
between the two rotating shafts decreases with elapse of time, so as to enhance the coupling force and equalize the 
revolving speeds of the two rotating shaft more quickly. In the application of Fig. 22, the coupling force is enhanced with 
a decrease in revolving speed difference AN in the range of not greater than an upper limit NL of the revolving speed 

20 difference AN that allows coupling in the half coupled state. When the revolving speed difference AN is less than the 
predetermined value NT, the clutch is fully coupled: In the application of Fig. 22, the coupling force is varied linearty. The 
coupling force may, however, be varied non -linearly or in a stepwise manner. 

[0119] Fig. 23 is a graph showing a voltage regulation process in a second application, The voltage applied to the 
coil may be varied in a fluctuating manner. A voltage is applied to the coil to couple the clutch under the condition that 

25 there is a revolving speed difference. In this case, an impact torque due to the revolving speed difference of the two 
rotating shafts is applied to reduce the revolving speed difference. When the clutch is kept in the coupled state under 
such conditions, the impact torque may significantly shorten the life of the clutch. The second application thus weakens 
the voltage applied to the coil immediately after the coupling of the clutch, so as to lower the coupling force. The 
arrangement of coupling the clutch while varying the coupling force in a fluctuating manner enables the impact torque 

30 to be applied intermittently and quickly reduces the revolving speed difference between the two rotating shafts. The 
period and the intensity of the fluctuation of the coupling force are arbitrarily set according to the allowable range of the 
clutch and the-revolving speed difference. It is desirable to set the period and the intensity of the fluctuation of the cou- 
pling force by taking into account the effects of a possible torque shock occurring atthe time of the coupling on the ride. 
In -the ^example of Fig. 23, the peak of the coupling force is heightened with a decrease in revolving speed difference 

35 AW. One possible modification lengthens the period of the coupling with a decrease in revolving speed difference AN. 
The coupling force rhay be fluctuated with a variation in observed revolving speed difference AN or may be fluctuated 
with time according to a predetermined pattern. The coupling force may otherwise be fluctuated at a fixed period, 
regardless of the revolving speed difference AN and the elapse of time. 

[0120] Fig. 24 is a graph showing a voltage regulation process in a third application. The third application intermit- 
40 terrtly couples the dutch. In the example of Eig. 24, the rollers are intermittently coupled in the fully coupled state. The 
complete coupling of the rollers causes an extremely strong impact torque, but enables the revolving speeds of the two 
rotating shafts in the released dutch to become coincident with each other quickly. The intermittent coupling ensures 
the quick c^ar^eover while preventing the life of the released clutch from being undesirably shortened. In the example 
of Fig. 24i the* clutch-coupling time is shortened and the interval between the current coupling and the subsequent cou- 
45 pling is lengthened with a decrease in revolving speed difference AN. In this application, the coupling force may further 
be varied according to the revolving speed difference AN. 

[0121] The processing of step S1 12 in the changeover control process discussed above regelates the voltage in 
the released clutch according to a preset application selected among the variety of possible applications as discussed 
above. In the structure of the embodiment, the supply of electricity to the coils 601 and 603 in the dual clutch 200 is 
so cohtrolied by the on-off operations of the transistors working as the switching elements. The technique of the embodi- 
ment thus PWM controls the switch 61 1 or 613, so as to apply the voltage of the preset application to the coil . in the 
released dutch. 

'f 0 ** 2 ? In tne embodiment discussed above, the regulation of the released dutch (see step S1 12 in the flowchart of 
Fig. 18) is ajways carried out in the changeover control process. The regulation of the released clutch is executed by 
55 shortening the time required for completion of the changeover of the clutches. The regulation of the released dutch may 
thus be carried out only when shortening the time of the changeover is required. One applicable procedure carries out 
the regulation of the released clutch only when the driver abruptly steps on the accelerator pedal, and otherwise skips 
the regulation. 
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H. Effects 

[G123] In the hybrid vehicle of the embodiment discussed above, the connection of the assist motor 1 40 is changed 
according to the relationship between the revolving speeds of the axle 1 1 6 and the engine 1 50. This arrangement effec- 

5 tively prevents a circulation of the power and enables the hybrid vehicle to be driven with a high driving efficiency. Appli- 
cation of the underdrive connection at the time of acceleration attains the smooth acceleration with a high response. 
[0124] In the hybrid vehicle of the embodiment, the dual clutch 200 is used as the changeover mechanism of the 
connection. The structure of the dual clutch has a small dimension along the axis of rotation and thereby desirably 
reduces the size of the whole power system including the changeover mechanism. The use of the dual clutch enables 

10 the connection of the assist motor 140 to be changed without causing the assist motor 140 to be disconnected from 
both the engine 150 and the clutch motor 130. this arrangement advantageously improves the response of the vehicle 
as discussed below. 

[0125] The hybrid vehicle of the enibodiment makes the revolving speeds of the three rotating shafts linked with the 
dual clutch 200 substantially identical with one another, and subsequently carries out the changeover of the clutches 

is via the state in which both the inner clutch and the outer clutch are set in the coupled state. This arrangement effectively 
prevents the assist motor 1 40 from being disconnected from both the engine 1 50 and the clutch motor 1 30 in the course 
of the changeover of the clutches, and thus ensures a sufficient output torque even during the changeover process. The 
changeover control process discussed above carries out the changeover of the clutches after making the revolving 
speeds of the three rotating shafts sufficiently close to one another, this procedure significantly shortens the time 

20 period in which the assist motor 140 is disconnected from both the engine 150 and the clutch motor 130. Although the 
embodiment carries out the changeover of the clutches via the state in which both the clutches are set in the coupled 
state, the changeover of the clutches may thus be carried put via the state in which the assist motor 140 is released 
from both the engine 150 and the clutch motor 130. This modified application also ensures a sufficient output torque. 
[0126] The technique of the embodiment carries out the voltage regulation of the released clutch (see step S1 1 2 in 

25 the flowchart of Rg. 1 8) in the changeover control process, thereby shortening the time required for completion of the 
changeover. Fig. 25 is a graph showing a variation in revolving speed in the changeover process. The solid lines repre- 
sent time variations in revolving speed of the drive shaft, whereas the broken lines represent time variations in revolving 
speed of the engine. The thicker lines represent the variations in the case where the voltage regulation of the released 
clutch is carried out. The thinner lines represent the variations without the voltage regulation. 

30 [0127] At a time point ttl , the accelerator pedal is abruptly stepped on in the state of the overdrive connection (OD) 
to start the changeover control process. The vehicle is accelerated with a step-on of the accelerator pedal, so that the 
revolving speed of the drive shaft gradually rises. The revolving speed of the engine also rises through the regulation of 
the assist motor 1 40 and the regulation of the released clutch. In the case without the regulation of the released clutch, 
the revolving speed bf the engine gradually rises to be substantially coincident with the revolving speed of the drive 

35 shaft at a time point tt3 as shown by the thinner lines. At this time point tt3, the connecting state is changed from the 
overdrive connection to the underdrive connection, so as to enable the assist motor 140 to output an additional torque 
for acceleration. The acceleration then prbceeds along the dinner lines. 

[0128] In the case with the regulation of the released clutch, on the other hand, the power of the rotations of the 
drive shaft is transmitted to raise the revolving speed of the erigirje. the revolving speed of the engine thus rises quickly 

40 to be coincident with the revolving speed of the drive shaft at a time.poiht tt2 as shown by the thicker lines. The time 
point tt2 is earlier than the time point tt3. At this time pbinttt2, trie connecting state is changed from the overdrive con- 
nection tb the underdrive connection; The acx^feratibn then proceeds aiong the thicker lines. As clearly understood 
from the comparison between the thicker lines and the thinner lines, the regulation of the released clutch ensures the 
quicker changeover of the clutches arid the quicker subsequent acceleration, the hybrid vehicle of the embodiment 

45 thus attains the smooth acceleration with a high response. 1 . ' 

I. Modifications 

[0129] The above embodiment applies the clutch motor for the power regulation unit. The power regulation unit var- 
50 ies the magnitude of the power output from the engine 1 50 through the input and the output of electric power. The clutch 
motor 130 raises the revolving speed with a supply of electric power arid lowers the revolving speed through regenera- 
tion of electric power, so as to vary the power output from the engine 1 50 and transmit the varied power to the axle 116. 
The power regulation unit is hot restricted to the clutch motor 130 but may be any of various apparatuses that exert the 
above effects. The following describes a modified example using a pow^r regulation unit of another configuration. 
55 [0130] Rg. 26 schematically illustrates the structure of a hybrid vehicle in one modified example. Only the constit- 
uents relating to the power transmission are shown here, whereas the electric system including the control unit and the 
driving circuits is omitted from the illustration. In this modified example, the clutch motor 130 is replaced by a planetary 
gear unit 230 and a motor generator 240. The other configuration is identical with that of the hybrid vehicle of the 
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embodiment shown in Fig. 1 . 

[0131] The planetary gear unit 230 includes a sun gear 231 that rotates on the center, a planetary pinion gear 232 
that rotates on its axis, a planetary carrier 233 that supports the planetary pinion gear 232 to be rotatable round the sun 
gear 231 , and a ring gear 234 that revolves round the planetary carrier 233. The sun gear 231 of the planetary gear unit 
5 230 is linked with a rotor 242 of the motor generator 240. The planetary carrier 233 is linked with the crankshaft 1 56 of 
the engine 150 and the inner shaft of the dual clutch 200. The ring gear 234 is linked with the outer shaft of the dual 
clutch 200 and connected with the axle 116 via a chain belt and a differential gear. 

[0132] Like the assist motor 140, the motor generator 240 is a three-phase synchronous motor and has astator244 
fixed to the casing. The motor generator 240 functions either as a motor or a generator. The operations of the motor 
10 generator 240 are controlled by the on-off operations of transistors included in a driving circuit in the same manner as 
the clutch motor 1 30 of the embodiment. 

[0133] In the planetary gear unit 230, as is known from the mechanics, determining the rotating states of two 
among the suh gear 231 , the planetary carrier 233, and the ring gear 234 unequivocally specifies the rotating state of 
the residual one. Based on such characteristics, in the hybrid vehicle of the modified example, the combination of the 

15 planetary gear unit 230 with the motor generator 240 ensures the functions similar to those of the clutch motor 130 of 
the embodiment shown in Fig. 1 , that is, attains the functions of the power regulation unit. The planetary carrier 233 cor- 
responds to the inner rotor of the clutch motor 130, and the ring gear 234 corresponds to the drive shaft. 
[0134] The input of the power from the engine 150 into the planetary carrier 233 rotates the ring gear 234 and the 
sun gear 231 . One of the rotations of the ring gear 234 and the sun gear 231 may be ceased. The rotation of the ring 

20 gear 234 causes part of the power output from the engine 1 50 to be transmitted in a mechanical form to the axle 1 1 6. 
The rotation of the sun gear 231 causes the motor generator 240 to be driven with part of the power output from the 
engine 150 and regenerate electric power. The motor generator 240 carries out the power running to mechanically 
transmit the torque output from the motor generator 240 to the axle 1 1 6 via the sun gear 231 , the planetary carrier 233, 
and the ring gear 234. The power running of the motor generator 240 accordingly enhances the torque output from the 

25 engine 150 and outputs the enhanced torque to the axle 1 1 6. 

[0135] As described above, in the hybrid vehicle of the modified example, the combination of the planetary gear unit 
230 with the motor generator 240 varies the power input into the planetary carrier 233 through the input and the output 
of electric power and outputs the varied power to the ring gear 234. The revolving speeds of the sun gear 231 and the 
ring gear 234 are arbitrarily changed under the restricting conditions corresponding to the gear ratio, so that the power 

30 output from the engine 1 50 is converted into a diversity of revolving speeds and output to the ring gear 234. 

[0136] Like the hybrid vehicle of the embodiment discussed above, the hybrid vehicle of the modified example 
attains four different connecting states A through D by changing the coupling state of the dual clutch 200. Fig. 27 shows 
the state of the power system under the respective on-off conditions of the dual clutch 200 in the hybrid vehicle of the 
modified example. In the connecting state A, both the inner clutch and the outer clutch are in ON position. The planetary 

35 carrier 233 and the ring gear 234 of the planetary gear unit 230 rotate integrally, so that all the gears of the planetary 
gear unit 230 rotate integrally. The connecting state A is thus equivalent to the configuration in which the motor gener- 
ator 240 does not function and the engine 1 50 and the assist motor 1 40 are directly linked with the drive shaft. The con- 
necting state A in the modified structure corresponds to the connecting state A in the structure of the embodiment (see 
Fig. 10). ^ 

40 [0137] In the connecting state B, the inner clutch is in OFF position and the outer clutch is in ON position. Since 
only the outer clutch gains coupling, the connecting state B is equivalent to the configuration in which the assist motor 
140 is linked with the ring gear 234. the ring gear 234 corresponds to the outer rotor of the clutch motor 130 in the 
embodiment, so that the connecting state B in the modified structure corresponds to the connecting state B in the struc- 
ture of the embodiment The hybrid vehicle of the modified example attains the underdrive connection by setting off the 

45 inner clutch and setting on the outer clutch. 

[0138] In the connecting state C, the inner clutch is in ON position and the outer clutch is in OFF position. Since 
only the inner clutch gains coupling, the connecting state C is equivalent to the configuration in which the assist motor 
1 40 is linked with the engine 1 50. The connecting state C in the modified structure corresponds to the connecting state 
C in the structure of the embodiment. The hybrid vehicle of the modified example attains the overdrive connection by 

so setting on the inner clutch and setting off the outer clutch. 

[0139] In the connecting state D, both the inner clutch and the outer clutch are in OFF position. In this case, the 
assist motor 140 is completely separated from the other constituents, and only the engine 150, the planetary gear unit 
230, and the motor generator 240 are connected with one another. The connecting state D in the modified structure cor- 
responds to the connecting state D in the structure of the embodiment. 

55 [0140] As discussed above, like the hybrid vehicle of the embodiment, the hybrid vehicle of the modified example 
attains the underdrive connection and the overdrive connection by changing the coupling state of the dual clutch 200. 
The control procedures carried out in the hybrid vehicle of the embodiment are applicable for the hybrid vehicle of the 
modified example. 
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[0141] The dual clutch 200 adopted in the embodiment discussed above includes the inner electromagnetic clutch 
unit that connects and disconnects the middle shaft with and from the inner shaft, and the outer electromagnetic clutch 
unit that connects and disconnects the middle shaft with and from the outer shaft. Each of the inner electromagnetic 
clutch unit and the outer electromagnetic clutch unit satisfies the following requirements. The first requirement is that 

5 the two shafts of interest, which are to be connected and disconnected, have cross sectional shapes that allow the inter- 
val between the opposing faces in the radial direction to be varied according to the position in the circumferential direc- 
tion. The second requirement is that rollers having a diameter between the maximum value and the minimum value of 
the interval are provided between the two shafts of interest. The third requirement is that a support member is linked 
with one out of the two shafts of interest to allow relative rotations thereof to support the rollers. The fourth requirement 

jo is that a first frictional coupling member and a second frictional coupling member are provided, where the first frictional 
coupling member is fixed to the other out of the two shafts of interest and the second frictional coupling member is 
linked with the support member to prohibit relative rotations thereof to be in contact with and separate from the frictional 
surface by the function of electromagnetic force. The fifth requirement is that electromagnets are provided to apply the 
electromagnetic force to the second frictional coupling member. 

is [0142] The middle shaft has a large-diametral portion and a small-diametral portion arranged across the radially- 
extending side face that is perpendicular to the axis of rotation. The radially-extending side face functions as the first 
frictional coupling member of either the inner electromagnetic clutch unit or the outer electromagnetic clutch unit This 
arrangement desirably reduces the size of the changeover mechanism. The changeover mechanism of the present 
invention is not restricted to this configuration, but application of such roller clutches advantageously enables a rela- 

20 tively large torque to be transmitted by a relatively small-sized mechanism. A variety of configurations other than the 
configuration of the embodiment are applicable to the dual clutch having the characteristics discussed above. A variety 
of configurations are applicable to the connection of the dual clutch, the assist motor, the engine, and the drive shaft, 
under the restrictions that the rotating shaft of the assist motor is linked with the middle shaft and that the output shaft 
and the drive shaft are connected with the inner shaft and the outer shaft by the one-to-one mapping. Some of the appli- 

25 cable configurations are discussed below as modified examples. 

[0143] Fig. 28 illustrates the structure of a dual clutch in a first modified example. Only the schematic structure is 
shown here and the details are omitted from the illustration. The embodiment discussed above has the cam and the 
other related constituents incorporated in the large-diametral portion of the middle shaft 401 . The first modified example 
has a cam and related constituents incorporated in a small-diametral portion of a middle shaft 401 A. 

30 [0144] Like the middle shaft 40i of the embodiment, the middle shaft 401A of the first modified example has a 
small-diametral portion and a large-diametral portion arranged across a radially-extending side face 41 OA. Unlike the 
structure of the embodiment, rollers 304C and a support member 305A included in an inner clutch unit are incorporated 
in the small-diametral portion of the middle shaft 401 A. Two coils 601 A and 603A respectively included in the inner 
clutch unit and an outer clutch unit are fixed between the large-diametral portion of the middle shaft 401 A and an inner 

35 shaft 301 A. In the dual clutch of the first modified example, rollers 404A and a support member 405A included in the 
outer clutch unit are mounted on the inner circumferential face of an outer shaft 501 A. Unlike the structure of the 
embodiment, the radially-extending side face 41 OA of the middle shaft 401 A functions as a frictional coupling member 
of the outer clutch unft. A ring 41 0B fixed to the inner shaft 301 A functions as a frictional coupling member of the inner 
clutch unit. In the dual clutch of this modified structure, supply of electricity to the coils 6Q1 A and 603A causes the mid- 
40 die shaft 401 A to be connected with and disconnected from the inner shaft 301 A and the outer shaft 501 A. The use of 
the middle shaft 401 A having the radially-extending side face 41 OA desirably reduces the size of the whole changeover 
system. 

[0145] Fig. 29 illustrates the structure of another dual clutch in a second modified example. The difference from the 
embodiment and the first modified example is that the second modified example has frictional coupling members of 

45 both an inner clutch unit and an outer clutch unit fixed to a middle shaft 401 B. 

[0146] Like the middle shaft 401 A of the first modified example, the middle shaft 401 B of the second modified 
example has a small-diametral portion and a large-diametral portion arranged across a radially-extending side face 
41 OC. Rollers 304D and a support member 305B included in the inner clutch unit are attached to an inner shaft 301 B. 
Rollers 404B and a support member 405B included in the outer clutch unit are mounted on an outer shaft 501 B. Two 

so coils 601 B and 603B respectively included in the inner clutch unit and the outer clutch unit are fixed between the large- 
diametral portion of the middle shaft 401 B and the inner shaft 301 B. The radially-extending side face 41 0C of the middle 
shaft 401 B functions as a frictional coupling member of the outer clutch unit. The middle shaft 401 B is provided with a 
restriction mechanism of a magnetic circuit like the structure of the embodiment, so as to enable the magnetic force of 
the coil 601 B to be adequately applied to the outer clutch unit. A ring 41 0D is fixed to the middle shaft 401 B on the 

55 center side of the rotating shaft of the radially-extending side face 41 0C. The ring 41 0D functions as a frictional coupling 
member of the inner clutch unit. The technique of the present invention may be attained in this configuration. The ring 
41 OD may be formed integrally with the middle shaft 401 B. § 
[0147] Electromagnetic roller clutches are discussed above as the modified examples of the dual clutch 200. The 
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dual clutch 200 is, however, not restricted to these structures. A variety of configurations are applicable to the dual 
clutch 200, as long as the inner shaft, the middle shaft, and the outer shaft are arranged concentrically and clutch mech- 
anisms are disposed respectively inside and outside the middle shaft. The inner clutch and the outer clutch may be 
electromagnetic clutches in which clutch plates are attracted and separated by the function of electromagnetic force. 
The clutches may be driven by the hydraulic pressure instead of the electromagnetic force. 

[0148] The present invention is not restricted to the above embodiment or its modifications, but there may be many 
other modifications, changes, and alterations without departing from the scope or spirit of the main characteristics of 
the present invention. For example, the gasoline engine 150 used in the hybrid vehicle of the embodiment may be 
replaced by another power source, such as a diesel engine. The embodiment applies the three-phase synchronous 
motors for all the motors mounted on the hybrid vehicle. Other motors including induction motors, other a.a motors, and 
d.c. motors are also applicable for the motors. In the embodiment discussed above, the CPU executes the software pro- 
grams to carry out the various control procedures. The controls may, however, be attained by a hardware configuration. 
In the embodiment, the main control unit 1 90 is in charge of the changeover of the connecting state. One possible mod- 
ification manually changes the connecting state. Another possible modification selectively carries out a manual change- 
over and ah automatic changeover of the connecting state. 

[0149] The scope and spirit of the present invention are limited only by the terms of the appended claims. 
[0150] In a hybrid vehicle of the present invention, a clutch motor, an assist motor, and an engine are connected via 
a dual clutch, which includes an inner clutch arranged between an inner shaft and a middle shaft and an outer clutch 
arranged between the middle shaft and an outer shaft An inner rotor of the clutch motor and the engine are linked with 
the inner shaft The assist motor is linked with the middle shaft. An outer rotor of the clutch motor and an axle are linked 
with the outer shaft. Changing the coupling state of the middle shaft changes over the connection of the assist motor 
between the engine and the clutch motor. The connection of the assist motor with the clutch motor in the state of under- 
drive or in the case of a requirement of abrupt acceleration desirably improves the driving efficiency and ensures the 
smooth acceleration. Regulation of gradually enhancing the coupling force of the outer clutch in the course of the 
changeover of the connection of the assist motor enables the rotations of the engine and the outer rotor to be synchro- 
nized quickly, thus shortening the time required for completion of the changeover. 

Claims 

1 . A hybrid vehicle comprising: 

an engine having an output shaft; 

a drive shaft from which power is output to wheels; 

a power regulation unit, connected with both said output shaft and said drive shaft, configured to transmit 
mechanical power output from said engine to said drive shaft while varying the transmitted mechanical power 
to the drive shaft through mechanical-electrical power conversion; 
a motor having a rotating shaft; and 

a changeover mechanism that changes connection of said rotating shaft of said motor between said output 
s^aft and said drive shaft, said changeover mechanism being a dual clutch that comprises a first clutch and a 
second clutch respectively arranged inside and outside said rotating shaft of said motor, said first clutch con- 
necting and disconnecting said rotating shaft with and from said output shaft, said second clutch connecting 
and disconnecting said rotating shaft with and from said drive shaft 

2. A hybrid vehicle in accordance with claim 1 , wherein said changeover mechanism is a dual clutch actuated by elec- 
tromagnetic force. 

3. A hybrid vehicle in accordance with claim 2, wherein said first clutch and said second clutch are roller clutches. 

4. A hybrid vehicle in accordance with claim 2 comprising: 

a changeover controller configured to control said changeover mechanism responsive to driving conditions of 
said hybrid vehicle and a connecting state of said motor. 

5. A hybrid vehicle in accordance with claim 4, wherein said changeover controller controls said changeover mecha- 
nism to carry out the changeover when an increment of a required torque for said drive shaft is not less than a pre- 
determined level while said motor is connected with said output shaft. 

6. A hybrid vehicle in accordance with claim 4, wherein said changeover controller comprises:* 
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a first controller configured to cause a released one of said the first and second clutches to be engaged when 
a difference between rotating states of two shafts linked with said released clutch is in an allowable range, thus 
reducing the difference between the rotating states of said two shafts; and 

a second controller configured to change an engaging state of the released clutch when it is determined that 
5 the rotating states of said two shafts satisfy a predetermined coupling condition with regard to said released 

clutch. 

7. A hybrid vehicle in accordance with claim 6, wherein said first controller increases an engaging force with which 
said released clutch to be engaged as a revolving speed difference between said two shafts decreases. 

10 

8. A hybrid vehicle in accordance with claim 6, wherein said first controller varies an engaging force of said released 
clutch in a stepwise manner. 

9. A hybrid vehicle in accordance with claim 8, wherein said changeover mechanism comprises a roller clutch actu- 
15 ated with electromagnetic force to attain at least three different coupling states, including a released state, a fully 

engaged state to allow transmission of a torque via a roller, and a partly engaged state to allow transmission of a 
smaller torque by means of a f rictional force than the torque transmittable in the fully engaged state, 

said first controller causing said released clutch to engage in the partly engaged state. 

20 

10. A hybrid vehicle in accordance with claim 6, wherein said first controller causes said released clutch to be engaged 
while varying a engaging force of said released clutch in a fluctuating manner. 

11. A hybrid vehicle in accordance with claim 10, wherein said changeover mechanism comprises a roller clutch that 
25 is changeable between a released state and a engaged state with electromagnetic force, and 

said first controller causes said roller clutch to be engaged in an intermittent manner. 

12. A hybrid vehicle in accordance with claim 4, wherein said changeover controller causes said changeover mecha- 
30 nism to implement the changeover via a state in which both said first clutch and said second clutch are in a 

engaged state. 

13. A hybrid vehicle in accordance with claim 1 , wherein said power regulation unit comprises a pair-rotor motor having 
a first rotor linked with said output shaft and a second rotor linked with said drive shaft. 

35 

14. A hybrid vehicle in accordance with claim 1, wherein said power regulation unit comprises: 

a generator having a rotor shaft; and 

a plaftetary gear having three rotating shafts, which are respectively linked with said output shaft, said drive 
40 shaft, and said rotor shaft 

15. In a hybrid vehicle comprising: an engine having an output shaft; a drive shaft from which power is output; a power 
regulation unit that is connected with both said output shaft and said drive shaft to vary power output from said 
engine through an input and an output of electric power and transm'itthe varying power to said drive shaft; a motor 

45 having a rotating shaft; and a dual clutch that changes connection of said rotating shaft of said motor between said 
output shaft and said drive shaft, t 



a method of controlling the hybrid vehicle comprising the steps of: 

so (a) determining whether of not a changeover of connection of said motor is required, based on driving con- 

ditions of said hybrid vehicle and a connecting state of said motor; and 

(b) controlling said dual clutch to change the connection of said motor when it is determined that the 
changeover of connection of said motor is required, 

55 said step (b) comprising the steps of: 

(b1) causing a released clutch in said dual clutch to be engaged when the difference between rotating 
states of two shafts linked with said released clutch is in an allowable range; 
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(b2) determining whether or not the rotating states of said two shafts satisfy a predetermined engaging 
condition with regard to said released clutch; and 

(b3) carrying out a changeover of engaging state of said dual clutch when it is determined that the rotating 
states of said two shafts satisfy the predetermined engaging condition. 
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Fig. 4 
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(301) and a middle shaft (401) and an outer clutch ar- 
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shaft (501 ). An inner rotor (1 32) of the clutch motor (1 30) 
and the engine (150) are linked with the inner shaft 
(301). The assist motor (140) is linked with the middle 
shaft (401 ). An outer rotor (1 34) of the clutch motor (1 30) 
and an axle are linked with the outer shaft (501 ). Chang- 
ing the coupling state of the middle shaft (401) changes 



over the connection of the assist motor (140) between 
the engine (150) and the clutch motor (130). The con- 
nection of the assist motor (140) with the clutch motor 
(130) in the state of underdrive or in the case of a re- 
quirement of abrupt acceleration desirably improves the 
driving efficiency and ensures the smooth acceleration. 
Regulation of gradually enhancing the coupling force of 
the outer clutch in the course of the changeover of the 
connection of the assist motor enables the rotations of 
the engine and the outer rotor to be synchronized quick- 
ly, thus shortening the time required for completion of 
the changeover. 




Printed by Jouvo, 75001 PARIS (FR) 



EP 1 092 581 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 00 12 2098 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



to claim 



CLASSIFICATION Of THE 
APPLICATION (lntCI.7) 



US 5 738 676 A (SCHMIDT) 

24 March 1998 (1998-83-24) 

* column 4. line 35 - line 48 * 

* abstract; figures 1,2 * 

WO 99/22955 A (MAGNET1 MARELL1) 
14 May 1999 (1999-05-14) 

* the whole document * 

EP 8 685 122 B (FICHTEL & SACHS) 
16 October 1996 (1996-19-16) 

* claims 1,6,7,13; figures * 

US 5 931 271 A (HAKA) 

3 August 1999 (1999-88-03) 

* the whole document * 

US 5 924 510 A (IT0H ET AL.) 
20 July 1999 (1999-87-20) 

EP 8 838 969 A (TOYOTA) 

25 March 1998 (1998-03-25) 



B68K6/82 



1.2,4 



TECHNIC At FIELDS 
SEARCHED (IM.CI.7) 



B60K 
F16D 



The present search report has been drawn up for alt claims 



Place of search 

BERLIN 



CWe oi corTpietton at rhe s*a«ch 

27 May 2804 



Krieger, P 



CATEGORY OF CITED DOCUMENTS 



X : particularly relaxant if taken 
Y : particularly relevant rf combined with 

document of the same category 
A : technological background 
O 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the fifing date 
O : document cited in the application 
L. '. documont cited for othac reoaona 

& : member of the aaroe patent family, a<w responding 
document 



2 



EP 1 092 581 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 00 12 2098 



This annex lists the patent family member* relating to the patent documents cited in the above-mentioned European search report 
The members are as contained in the European Patent Office EDP fie on 

The European Patent Office is in no way liable lor these particulars which are merely given for the purpose of information . 

27-95-2G04 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


1 IK <\7^Afi7fi 
Uj D/jUD/D 


* 
A 


OA 1AAO 

24 -03 -1998 


NONE 






LfA QOOOQCC 

wu yyzcSob 


A 


14-05-1999 


IT 


1295948 Bl 


28-05-1999 








BR 


9816078 A 


20-11-2001 








CN 


1116183 B 


30-07-2003 












28-02-2002 








DE 


69833484 T2 


07-11-2002 








WO 


9922955 Al 


14-05-1999 








EP 


1927224 Al 


16-08-2000 








ES 


2168802 T3 


16-66-2002 








JP 


2001522012 T 


13-11-2001 

A*/ AX CWA 








PL 


340306 Al 


29-01-2001 

b7 VX rfeWX 


EP 685122 


B 


06-12-1995 


DE 


4318949 Ci 


16-06-1994 

XV W A 77™ 








BR 


9406251 A 


02-01-1996 

V/C. VX A 77U 








DE 


59400861 Dl 


21-11-1996 

bi AX A 77U 








EP 


0665122 Al 


fi6-l?-1995 

wU AC 177J 








.IP 


ODlt*fDU 1 


24-12-1996 








US 


5773904 A 


30-06-1998 








wo 


9419856 Al 


01-09-1994 








OP 


2814309 B2 


22-10-1998 


I if* r f\ «•» <* <-» -re i 

US 5931271 


A 


03-08-1999 


NONE 






US 5924510 


A 


20-07-1999 


JP 


9328022 A 


22-12-1997 








JP 


1GG59B11 A 


03-03-1998 








JP 


10071872 A 


17-03-1998 








DE 


19724490 Al 


18-12-1997 








US 


6041879 A 


28-03-2000 








US 


6019185 A 


01-02-2000 








JP 


10226246 A 


25-08-1998 








JP 


10211828 A 


11-08-1998 








JP 


10211829 A 


11-08-1998 








JP 


10226245 A 


25-08-1998 








JP 


10226247 A 


25-08-1998 


EP 830969 


A 


25-03-1998 


JP 


3050141 82 


12-06-2000 








JP 


10098805 A 


14-04-1998 








CN 


1178746 A ,B 


15-04-1998 








DE 


69715765 Dl 


31-10-2002 








DE 


69715765 T2 


12-06-2003 








EP 


0830969 A2 


25-03-1998 








US 


5907191 A 


25-05-1999 





& For more details about this annex . see Official Journal ol the European Patent Office, No. 1 2/82 



3 



